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MACHINERY  AND  MANUFACTURES. 


P A.RT  I. 

MACHINERY  EXHIBITED  AT  VIENNA,  1873. 


1 MA 


fif  tlie  liistory  of  the  progress  of  the  nieclianical  arts  be  interesting, 
still  more  so,  doubtless,  would  be  the  exhibition  of  their  present  state 
and  a full  display  of  the  extent  to  which  they  are  now  carried.  The 
slightest  glance  must  convince  ns  that  mechanical  power  and  mechanical 
skill,  as  they  are  now  exhibited  in  Europe  and  America,  mark  an  epoch 
in  human  history  worthy  of  all  admiration.  Machinery  has  been  made 
to  pertorm  what  has  formerly  been  the  toil  of  human  hands  to  an  extent 
that  astonishes  the  most  sanguine,  with  a degree  of  power  to  which  no 
number  of  human  arms  is  equal,  and  with  such  precision  ami  exactness 
as  almost  to  suggest  the  notion  of  reason  and  intelligence  in  the  machines 
themselves.  Every  natural  agency  is  put  unrelentingly  to  the  task. 
The  winds  work,  the  waters  work,  the  elasticity  of  metals  works;  grav- 
ity is  solicited  into  a thousand  new  forms  of  action  ; levers  are  multiplied 
upon  levers;  wheels  revolve  on  the  periphery  of  other  wheels ; the  saw 


and  the  jdane  are  tortured  into  an  accommodation  to  new  uses;  and, 
last  of  all,  with  inimitable  power,  and  “ with  whirlwind  sonml,”  comes 
the  potent  agejicy  of  steam.  In  comparison  with  the  past,  what  cen- 
turies of  improvement  has  this  single  agent  comprised  in  the  short  com- 
pass of  tifly  years ! Everywhere  imacticable,  everywhere  ellicient,  it  has 
an  arm  a thousand  times  stronger  than  that  of  nereides,  and  to  which 
hnman  iugenuity  is  capable  of  fitting  a thousand  times  as  many  hands 
as  belonged  to  Briareus.  Steam  is  found  in  triumphant  operation  on 
the  seas;  and,  under  the  influence  of  its  strong  propulsion,  the  gallant 
ship. 


Agninst  the  wind,  against  the  tide, 
Still  steadies  with  an  upright  keel. 


It  is  on  the  rivers,  and  the  boatman  may  repose  on  his  oars;  it  is  on 
highways,  and  exerts  itself  along  the  courses  of  land-conveyance ; it  is 
at  the  bottom  of  mines,  a thousand  feet  below  the  earth's  surface;  it  is 
in  the  mill,  and  in  the  workshops  of  the  trades.  It  rows,  it  jiumps,  it 
excavates,  it  carries,  it  draws,  it  lifts,  it  hammers,  it  spins,  it  weaves,  it 
prints.  It  seems  to  say  to  men,  at  least  to  the  class  of  artisans,  “ Leave 
oft’ your  matinal  labor;  give  over  your  bodil}^  toil;  bestow  but  your  skill 
and  reason  to  the  directing  of  my  power,  and  I will  bear  the  toil,  with 
no  muscle  to  grow  weary,  no  nerve  to  relax,  no  breast  to  feel  faintness  P 
What  further  improvenumt  may  still  be  made  in  the  use  of  this  astonish- 
ing power  it  is  impossible  to  know,  and  it  were  vain  to  conjecture. 
What  we  do  know  is,  that  it  has  most  essentially  altered  the  face  of 
affairs,  and  that  no  visible  limit  yet  appears  beyond  which  its  iirogress 
.is  seen  to  be  impossible. — Daniel  Webster.] 
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PART  I . 


REPORT  OX  MACniXERY  EXHIBITED  AT  YIEXXA,  1873. 

INTRODUCTION. 

Success  OF  TTiE  Exhibitiox  ; Machinery-tiale;  Scope  of  the  report;  Character 

OF  THE  EXHIBIT  AS  A WHOLE;  THE  IX TKUXATIOXAL  JURY;  DEFECTS  OF  THE  JURY- 
SYSTEM;  OROANIZATIOX  OF  THE  JURY;  METHODS  OF  JURY- WORE;  ASSIGNMENT  OP 
JURORS  FROM  THE  UNITED  STATES ; DISTRIBUTION  AWARDS;  PERIODS  OF  SES- 
SION; Statistics  of  awards;  Faults  of  management  on  the  part  of  exhib- 
itors; Causes  of  success  of  exhibitors  from  the  United  States  ; The  United 
States  section;  The  Exhibition  as  a whole;  Continental  nations  as  copyists. 

1.  The  Yieniia  International  Exliibition  of  1873  was  probably  the  most 
completely  satisfactory  exhibition  of  industrial  processes,  apparatus, 
and  products  that  has  yet  been  attempted. 

The  general  administration,  the  organization  of  the  Exliibition,  and 
the  manner  in  which  it  was  conducted  throughout  the  perioJ  of  its  ex- 
istence were  admirable.  The  defects  of  arrangement  and  errors  in 
management  and  the  accidents  whicli  sometimes  occurred  to  break  in 
upon  the  absolute  smoothness  with  which  the  machinery  of  administra- 
tion and  management  usually  ran  were  much  fewer  and  less  important 
than  might  have  been  expected  in  snob  a gigantic  and  unexampled  en- 
terprise. 

2.  Among  the  many  interesting  departments  of  the  Exhibition,  none 
were  more  interesting  to  the  general  public  and  none  assumed  greater 
importance  in  the  eye  of  the  })oUtical  economist  and  the  statesman  than 
that  contained  within  the  Miuchinen  Hdle?'  (Frontis[)iece.) 

Within  this  great  building  (which  had  a floor-space  of  40,000  sqnarQ 
meters,  or  nearly  ten  acres)  were  collecteil  many  thousands  of  exhibits, 
embracing  every  known  variety  of  machinery.  The  building  was  trav- 
ersed, as  shown  in  the  engravings  illustrating  this  report,  from  end  to 
end  by  two  aisles,  dividing  the  machinery  in  motion,  which  was  distrib- 
uted along  the  middle  line  of  the  bnildiug,  from  that  whicli  did  not  re- 
quire motive-power,  and  which  was  arranged  on  either  side. 

The  visitor  walking  through  the  building  found  on  either  side,  for  a 
distance  of  a half-mile,  an  unbroken  mass  of  machinery,  of  ev'ery  class, 
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of  all  degrees  of  magnitude,  and  of  every  conceivable  variety  of  style, 
material,  workmansliii*,  and  finish.  Thedilficulty  of  making  a complete 
and  satisfactory  examination  of  all  of  these  devices,  many  of  which 
would  demand  the  attention  for  hours,  or  even  days,  if  the  visitor  were 
attempting  to  acquire  a thorough  knowledge  of  details,  may  readily  be 
conceived.  The  utmost  patience,  the  most  complete  knowledge  of  en- 
gineering, and  steady  application  throughout  the  whole  period  of  the 
exhibition  would  scarcely  suffice.  To  examine  the  5,000  exhibits  of 
Group  XIII  alone,  giving  five  minutes  to  each,  would  require  more  than 
forty  days^  work  of  ten  hours  each.  But  a single  “exhibit”  was  frequently 
composed  of  several,  or  even  of  many,  separate  macliines,  either  of 
which  would  afford  full  compensation  for  hours  expended  in  study. 
This  was  the  case  with  the  majority  of  the  exhibits  in  the  United  States 
section,  and  with  many  others  in  every  department. 

It  would,  therefore,  be  quite  hopeless  to  attempt  to  make  a report 
upon  this  class  of  exhibits  absolutely  complete  j and  if  it  can  be  made 
even  tolerably  satisfactory,  the  reporter  may  consider  himself  fortunate. 

3.  Tlie  report  here  given  is  confined  to  the  department  to  which  the 
writer  was  assigned,  as  ^ member  of  the  International  Jury — to  Group 
XIII,  ^Machinery. 

In  this  group  are  comprehended  many  classes  of  machinery  with  which, 
either  in  consequence  of  their  infrequent  use  in  America  or  of  a com- 
plexity which  demanded  such  study  as  time  did  not  permit,  the  writer 
was  not  sufficiently  familiar  to  criticise  confidently.  Other  classes  are  of 
little  interest  to  the  manufacturers  and  the  workingmen  of  the  United 
States,  in  consequence  of  the  fact  that  they  have  already  learned  to 
excel  foreign  makers  to  such  a degree  that  to  describe  them  would  be  a 
simple  repetition  of  a story  long  ago  familiar. 

The  endeavor  has  been  to  condense  within  the  following  pages  as 
much  information  as  could  properly  be  gathered  into  such  a report, 
omitting  as  little  as  possible  that  might  be  expected  to  prove  useful  to 
its  readers,  and  accepting  information,  supplementary  of  the  observation 
of  the  writer,  from  whatever  source  it  could  be  obtained. 

Such  a report  must  necessarily  partake  somewhat  both  of  the  char- 
acter of  a treatise  upon  industrial  materials,  a^lparatus,  and  processes, 
and  of  that  of  a descriptive  catalogue  of  exhibits.  It  has  been  the 
intention  of  the  writer  to  criticise  impartially  and  to  suggest,  where 
it  appeared  proper,  directions  in  which  to  look  for  further  progress. 
The  work  has  been  one  of  difficulty,  but  of  exceeding  interest  j arduous, 
but  very  instructive. 

4.  The  collection  of  machinery,  as  a whole,  was  somewhat  unsymmet- 
rical  and  incomplete.  Many  classes  of  machines  were  entirely  unrepre- 
sented, and  others  were  exhibited  in  numbers  quite  disproportionate  to 
their  importance. 

The  unfortunate  patent-systems  of  Europe  prevented  many  foreign 
makers  from  appearing  where  they  considered  themselves  liable  to  the 
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piracy  of  their  most  valuable  devices.  The  somewhat  illiberal  spirit 
which  prevails  to  a greater  extent  in  Europe  than  in  the  United  States, 
and  which  induces  manufacturers  to  avoid  giving  more  publicity  than 
they  are  compelled  to  less  important  matters  of  detail,  also  had  the 
eftect  of  keeping  away  many  well-known  European  manufacturers.  But 
in  spite  of  this,  the  collection  formed  a maguiliceut  encyclopedia  of 
mechanism. 

The  official  examination  and  the  award  of  prizes  throughout  the  exhi- 
bition were  intrusted  to  an  Interpational  Jury. 

5.  The  international  jury  consisted  of  over  six  hundred  members, 
selected  by  the  governments  of  the  countries  exhibiting  at  Vienna.  It 
was  divided  into  twenty-six  groups,”  to  each  of  which  was  assigned  a 
department  of  the  Exhibition  for  examination. 

The  members  of  the  jury  were  appointed  to  those  groups  in  which 
they  were  supposed  to  be  fitted  to  act  most  intelligently. 

6.  Group  XIII  comprehended  all  machinery  and  means  of  transport. 
The  exhibits  in  this  group  were  4,091  in  number,  and  were  distributed 
in  four  sections,  exclusive  of  agricultural  machinery,  which  was  assigned 
to  Group-jury  II.  It  was  to  tliis  group  that  the  writer  was  assigned. 

These  exhibits  were  classified  as  follows : 


Number  of  exhibits  in  Group  XIII,  exclusive  of  agricultural  machinery. 


Sections. 

A 

X 

5 

pH 

Hungary, 

Austria. 

Germany. 

6 

o 

5 

Switzerland. 

England. 

t 

1 

cS 

1 

t/j 

^ 1 
C.' 

*3 

Belgium. 

5 

M 

6 

= & 

^ 5; 

V' 

s 

3 

.*3 

S 

Total.9. 

I, 

Prime  movers 

11 

7 

98 

210 

55 

34 

20 

5 

6 

2 

8 

1 

7 

467 

n. 

Metal-worlsiug  macViinerv. 

6 

3 

61 

180 

30 

17 

39 

34 

21 

12 

4031 

Wnod-wovkioj;  machinery. 

1 

3 

83 

50 

26 

.to.- 

GO 

24 

... 

31 

[3,  4.32 

Textile  luachioeiy * 

3 

293 

300 

54 

65 

65 

45 

Various  kinds,  unclassified 

18 

64 

518 

330 

83 

266 

.Bn 

450 

97 

8 

40 

11 

l,  923  J 

ni. 

, 

Means  of  transport 

58 

75 

152 

60 

18 

4 

22 

oo 

120 

3 

3 

1 

1 

539 

IV. 

St  reet-railroads 

23 

43 

92 

52 

10 

1 ^ 

24 

' 1 

... 

— 

1 

4 

— 

526 

Totals 

120 

196 

1,  297 

1,  182 

276 

|164 

406 

1 

|539 

289 

25 

43 

46 

19 

4,694 

7.  The  great  defect  of  the  jury-system  of  examination  and  report,  as 
adopted  at  these  international  exhibitions,  is  one  wliicli  is  evidently 
inherent,  and  one  which  it  is  probably  impossible  to  completely  remedy. 

The  large  number  of  exhibits,  the  comparatively  small  number  of 
jurors,  and  the  limited  time  allowed,  forbid  that  thorough  examination 
and  careful  comparison  which  should  always  precede  the  formation  of 
an  opinion  and  the  framing  of  a report.  In  many  cases  only  an  actual 
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aiul  careful  test  of  the  com])etin"  apparatus  can  give  a really  reliable 
basis  for  iliscrimination.  The  steam-engine  which  received  the  highest 
honor  at  Vienna  was  quite  well  designed  and  very  well  constructed  j 
yet  there  were  many  others,  apparently  at  least,  equally  as  well  designed 
and  quite  as  well  built.  The  jury  could  not,  however,  find  time  to  make 
a test-trial  of  each,  but  were  compelled  to  rely  upon  appearances,  and, 
perhaps,  to  give  some  weight  to  the  reputation  of  the  firm.  There  seems 
to  be  no  remedy  for  this  defect;  it  is,  however,  a very  serious  one. 

8.  The  jury  to  which  was  assigned  the  examination  of  Group  XIII 
was  composed  as  follows : 


GROUP  XIII. 

PRESIDENT. 

Herr  Wilhelm  Ritter  von  Eugerth,  of  Vienna,  Austria. 

VICE-PRESIDENTS. 

IleiT  Dr.  G.  Karzmarsch,  director  of  the  Polytechnic  School  of  Ilanover, 
German  Empire. 

Dr.  J.  Anderson,  machinery  department,  Woolwich,  Great  Britain. 

JURORS. 

Herr  0.  A.  Angstrom,  professor  in  Technical  School  at  Stockholm,  Swe- 
den. 

M.  Belpaire,  inspector- general  of  railways,  Belgium. 

Ilerr  Dr.  Bdttcher,  director  of  the  Industrial  School  of  Chemnitz,  Ger- 
man Empire. 

Signor  Colombo  Cavaliere,  professor,  Giuseppe,  Italy. 

Herr  Professor  G.  Delabar,  of  St.  Galleu,  Switzerland. 

M.  Ehrler,  France. 

Herr  Rudolph  Giiiuus,  Ritter  von  Grimburg,  professor  in  the  Technical 
Academy,  Vienna,  Austria. 

Herr  Dr.  E.  Hartig,  professor  at  Dresden  Polytechnic  School,  German 
Emi>ire. 

Herr  Gustav  Herrmann,  professor  in  Technical  School  at  Aachen,  Ger- 
man Em})ire. 

G.  V.  Holmes,  esq.,  Great  Britain. 

Joseph  E.  Holmes,  esq.,  Xew  York,  United  States  of  America. 

Herr  Carl  Jenny,  professor  in  Technical  School  at  Vienna,  Austria. 
Herr  von  Kessler,  director  of  the  Masclilnenfahrik  Esslingen^  German 
Empire. 

Herr  Johann  Liudemanii,  captain,  Denmark. 

Herr  Jacob  Lohuer,  of  Vienna,  Austria. 

Signor  Padula,  professor  in  Engineering  School  of  Naples,  Italy. 

Herr  Emerich  Pekar,  Hungary. 

Herr  Carl  Pfafif,  of  Ottakiiug,  Vienna,  Austria. 
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Herr  F.  Kenleaiix,  director  of  the  Poly  teclmic  Sehool  at  Berlin,  German 
Empire. 

Mon.  H.  Schneider,  of  Creuzot,  France. 

C.  W.  Siemens,  esq.,  F.  K.  S.,  London,  Great  Britain. 

Herr  G.  Sigl,  of  Vienna,  Austria. 

Prof.  11.  H.  Thurston,  of  the  Stevens  Institute  of  Technology,  Ncnv 
Jersey,  United  States  of  America. 

Mon.  U.  Tresca,  subdirector  of  the  Conservatoire  des  Arts  et  Metiers, 
Paris,  France. 

Herr  Stepliari  Verderber,  chief  engineer  in  the  Hungarian  board  of 
trade,  Pesth,  Hungary. 

M.  J.  Vichnegradski,  professor  in  Industrial  Academy,  St.  Petersburg, 
Eussia. 

Herr  A.  Wohler,  of  Berlin,  German  Empire. 

SUPPLEMENTARY  JURORS. 

Her;  Professor  Autenheimer,  of  Basel,  Switzerland. 

M.  J.  Beco,  iugenieur,  Belgium. 

Herr  ^^lax  Bielek,  professor  iu  Pesth,  Hungary. 

Signor  Chizzolini,  Italy, 

M.  Desouches,  France. 

Herr  Emil  Herrmann,  Hungary. 

M.  V.  Kirpitschefif,  professor  in  Technical  School  of  St.‘  Petersburg, 
Eussia. 

M.  Henri  jMathieu,  France. 

EXPERT. 

M.  Kindt,  Belgium. 

9.  The  majority  of  these  names  are  familiar  to  engineers  as  those  of 
men  who  are  distinguished  either  in  the  practice  ot  the  profession  or  for 
their  scientific  attainments.  The  working  ot  the  jury,  as  a whole,  indi- 
cated a fortunate  combination  of  the  two  classes  which  composed  it. 

The  jury  assembled  on  Saturday,  June  14,  and,  after  organizatiou, 
several  days  were  occupied  in  the  arrangement  of  the  plan  of  operations 
and  in  discussing  the  general  methods  to  be  pursued. 

10.  The  group-jury  was  finally  divided  into  sections  as  follow'S : 
Section  1. — Prime  movers. 

Section  2. — Machines  for  working  metal,  wood,  and  textile  materials. 
Section  3. — Means  of  transport  iu  general. 

Section  4. — Street-transportation. 

Section  2,  containing  nearly  three-fourths  of  all  the  exhibits  in  Group 
XIII,  was  further  separated  into  two  subdivisions: 

Class  1. — Wood  and  metal  working  machinery. 

Class  2. — Textile  machinery,  including  sewing-machinery. 

11.  In  the  absence  of  his  colleague  on  Group  XIII,  who  had  not 
then  reported,  the  writer  attached  himself  to  Class  1,  Section  2,  in  which 
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were  interested  the  larger  number  of  exhibitors  from  the  United  States, 
and  which  included  our  most  important  interests.  The  second  member 
was  assigned  to  Class  2 of  the  same  section,  as  that  was  considered  next 
in  importance.  The  remaining  sections  were  unavoidably  left  without 
representatives  from  the  United  States.  On  the  whole,  this  fact  probably 
did  not  injuriously  affect  the  standing  of  the  comparatively  small  number 
of  exhibitors  interested  in  those  sections. 

12.  In  some  instance  the  awards  proposed  for  our  exhibitors  were  evi- 
dently not  such  as  were  deserved  j but  a simple  representation  of  the  case 
at  a session  of  the  group-jury  was  usually  sufficient  to  secure  reconsidera- 
tion. Awards  that  were  deemed  satisfactory  were,  in  most  instances, 
allowed  after  a more  complete  investigation  had  been  made. 

We  have  to  regret  that  in  two  or  three  cases  the  lack  of  familiarity 
of  members  of  the  jury  with  the  conditions  under  which  our  industrial 
enterprises  are  conducted,  or  their  peculiar  views  of  business  principles, 
or  of  manufacturing  processes  as  derived  from  an  experience  differing 
vastly  from  that  of  the  American  mechanic,  prevented  exhibitors  from 
obtaining  the  high  awards  to  which  they  were  properly  entitled.  It  is 
fortunate,  however,  that  in  these  cases  the  exhibitors  bad  already 
attained  a reputation  at  home  which  rendered  them  perfectly  safe  against 
the  false  inference  which  might  have  been  based  upon  their  non  success 
had  they  been  less  well  known. 

13.  The  sessions  of  the  sectional  juries  were  held  daily,  and  occupied 
all  available  time  uj)  to  July  18.  During  this  period,  the  jury  met  every 
morning  at  9 o’clock,  and  spent  the  day  examining  exhibited  machinery 
and  in  comparing  their  claims  to  distinction.  As  awards  were  deter- 
mined upon,  they  were  reported  to  the  group-jury  for  confirmation. 

14.  On  the  9th  day  of  July  the  writer  was  detailed  by  the  Commis- 
sioner-general to. represent  the  executive  commission  at  the  international 
field-trial  of  agricultural  implements  and  machinery  at  Sieb  mbrunn. 
A detailed  account  of  this  trial,  which  resulted  in  securing  an  Wiren 
Diplom  for  one  American  machine,  and  medals  for  several  other  mow- 
ers and  reapers  from  the  United  States,  will  properly  be  given  in  the 
report  of  the  jury.  The  trial  occupied  the  entire  day,  and  was  very  sat- 
isfactory, so  far  as  it  went.  The  competition  was,  in  fact,  one  between 
exhibitors  from  the  United  States.  The  English  exhibitors  had  with- 
drawn entirely,  and  the  only  foreign-built  machines  which  entered  the 
field  were  too  heavy  and  too  inconveniently  arranged  to  have  a chance 
of  success. 

The  best  of  the  European  machines  was  that  of  Hofherr,  of  Vienna, 
a substantial  and  well-built  machine,  which  did  good  work. 

The  trial  was  very  incomplete,  as  no  dynamometric  determinations  of 
direct  traction  or  side-draught  were  made.  Ko  special  examination  was 
made  of  the  condition  of  machines  before  and  after  their  work  was  done, 
and  no  means  were  adopted  to  ascertain  whether  heated  journals  or 
choked  knives  and  machinery  were  more  difficult  of  prevention  in  one 
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machine  than  in  another.  The  character  of  the  work  done,  the  time 
^ occupied,  and  the  general  construction  of  each  machine  were  the  bases 
I of  awards. 

^ 15.  The  result  of  the  work  of  the  jury  of  Group  XIII  will  be  seen  on 

, examining  the  report  of  the  Commissioner-general  and  the  official  list 
of  awards  published  by  the  Austrian  authorities.  Awards  were  distrib- 
uted  amongst  various  countries  as  follows : 


• 

Country. 

1 

k 

Diplomns  of 

honor. 

® tc 

X 

* t 

w-i 

* 

s 

s 

Diplomat. 

Total. 

1 America 

Q 

IP 

England 

s 

39 

4J 

4 

100 

0 France 

a 

JO 

Switzerland 

3 

14 

IQ 

19 

JA 

i*  Denmark 

1 

o 

4 

19 

Sweden 

1 

Q 

1 

7 

>5  Belgium 

2 

9 

11 

Germany 

10 

83 

109 

70 

34J 

Austria 

8 

49 

84 

104 

04 

Hungary  

1 

10 

10 

t Hussia 

1 

7 

10 

L3 

27 

* Total - 

■ 

40 

286 

419 

^"54 

1 noQ 

r — - 

■ IG.  Comparing  the  awards  made  to  the  exhibitors  from  the  United 
States  with  those  accorded  to  those  from  other  countries,  there  will  be 
j noticed  a marked  difference  between  the  proportions  of  the  number  of 
^medals  of  progress  to  that  of  medals  of  merit  in  Group  XIII. 

< There  were  a larger  number  of  the  former  given  to  the  United  States 
in  this  group  than  of  the  latter.  This  proportion  was  reversed  with  all 
other  nations.  American  exhibitors  received  thirty  medals  of  progress 
and  twenty-three  medals  of  merit.  The  former  award  was  intended  to 
be  given  to  exhibitors  who  had  given  evidence  of  marked  improvement, 
effected  since  the  year  18G7,  the  date  of  the  last  international  exhibition. 
It  is  to  be  taken  as  a reward,  not  only  of  intrinsic  merit,  but  of  an  actual 
advance,  within  this  period,  effected  in  a device  which  was  then  con: 
sidered  particularly  meritorious. 

17.  Of  the  total  of  nine  diplomas  of  honor  granted  in  all  groups  to 
exhibitors  from  the  United  States,  five  were  awarded  to  national,  state, 
or  municipal  institutions  and  four  to  individual  exhibitors. 

The  diploma  of  honor  was  the  highest  honor  given  at  Vienna.  It  was 
intended  to  confer  peculiar  distinction  upon  those  who  had  aided  most 
effectively  by  intellectual,  industrial,  or  material  contributions,  the  ad- 
vancement of  civilization.  This  highest  award  was  made  onlj*  by  the 
council  of  presidents  of  juries,  on  the  recommendation  of  a group-jury. 
Of  the  four  diplomas  of  honor  accorded  to  private  exhibitors  from  the 
United  States,  three  were  given  to  exhibitors  of  important  classes  of 
machinery,  viz:  To  George  H.  Corliss,  for  the  Corliss  steam-engine;  to 
William  Sellers  & Co.,  for  machine-tools  and  metallurgical  machinery, 
and  to  W.  A.  Wood,  for  mowing-machines. 
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Tliere  was  no  opposition  to  the  proposal  to  confer  this  high  honor 
upon  these  exhibitors,  anti  the  reconiuiendation  was  made  nnaniinoiisly^ 
An  apparent  legal  impediment  in  the  case  of  the  first-named  was  found 
in  the  fact  that  the  recipient  of  the  award  did  not  formally  exhibit  his 
machine.  -This  difficulty  was  met  by  the  statement  that,  notwithstanding 
the  fact  that  he  did  not  appear  as  exhibitor,  a large  proportion  of  the 
steam-engines  entered  having  been  copied  from  his  designs,  he  was  really 
represented  in  es^ery  section  of  the  Exhibition  and  by  the  engine-build- 
ers of  every  manufacturing  nation.  His  name  was  familiar  to  every 
member  of  the  jury,  and,  with  the  majority,"  his  was  the  only  name  which 
had  become  known  in  connection  with  the  recent  improvement  of  the 
steam  engine  in  the  United  States,  ^o  real  opposition  appeared  to  this 
nomination,  which  was  actively  sustained  by  the  ablest  members  of  the 
.i  ury.  , 

18.  On  the  whole,  the  awards  made  to  the  exhibitors  in  the  United 
States  section  were  very  judiciously  distributed,  and  the  few  errors 
which  an  inspection  of  the  official  list  may  reveal  are  due  principally 
to  the  nnfamliarity  of  the  majority  of  members  of  the  jury  with  the 
advanced  methods  and  the  fine  distinctions  to  which  the  American 
mechanic  is  accustomed.  Consequently,  the  difficulties  met  by  our 
exhibitors  in  the  endeavor  to  present  fully  the  merits  of  their  devices 
were  sometimes  serious. 

American  exhibitors  were  extremely  careless,  also,  in  preparing  proper 
circulars  for  the  use  of  the  jury.  Exhibitors  of  other  nations  usually 
had  circulars  printed  in  the  English,  French,  and  German  languages,  in 
which  their  exhibits  were  carefully  described,  and,  when  necessary,  the 
descriptive  text  was  illustrated  by  neatly-made  engravings,  vshowiug 
every  important  detail  plainly,  and  in  which  all  points  of  difference 
between  it  and  other  devices  of  the  same  class  were  distinctly  pointed 
out,  and  the  consequent  advantages  stated,  the  points  taken  being  sus- 
tained by  evidence.  Seine  of  these  exhibitors  even  published  books  of 
considerable  size,  and  of  great  intrinsic  value. 

Ill  many  cases,  the  exhibits  in  the  United  States  section  were  unac- 
companied by  even  an  ordinary  business  circular.  It  was  very  gener- 
ally the  fact  that  no  re[)resentative  of  the  exhibitor  had  accompanied 
them  to  Vienna,  and  it  became  necessary  for  the  members  of  the  execu- 
tive commission  and  its  employes,  and  for  members  of  the  jury,  to  de- 
vote an  amount  of  time  and  attention  to  these  matters  which  could  with 
difficulty  be  given  them  at  a time  when  the  pressure  of  official  duties 
was  in  itself  a serious  burden  upon  both  the  physical  and  the  mental 
powers. 

19.  The  success  of  exhibitors  in  the  United  States  section  is,  there- 
fore, all  things  considered,  somewhat  remarkable,  and  it  is  an  evidence 
of  the  high  reputation  acquired  by  American  mechanics  abroad,  as  well 
as  of  the  actual  merit  of  their  productions.  It  could  hardly  have  been 
possible  for  them,  in  the  absence  of  proper  representatives,  to  have 
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secured  so  careful  au  examiuatioii  of  their  coiitribiitious  as  was  given 
them  by  the  overworked  jury,  solicited  as  its  lueiubers  were,  on  all 
sides,  by  the  active  agents  of  competitors,  had  not  the  members  already 
learned  to  look  to  the  United  States  for  very  much  of  all  that  is  novel 
and  ingenious  in  modern  mechanism. 

20.  During  the  attendance  of  the  writer  at  the  Exhibition,  his  time 
was  too  closely  occupied  with  jury-work  to  permit  as  complete  an  exam- 
ination as  it  was  desired  to  make  of  the  specimens  of  engineering  skill 
there  shown  outside  of  the  group  to  which  his  attention  was  ofQcially 
called. 

Of  the  section  assigned  to  the  United  States,  an  account  has  already 
been  given  in  a report  made  while  in  Vienna,  and  which  was  forwarded 
by  the  United  States  minister.  It  is  only  necessary  here  to  repeat  that 
that  department  was  sadly  dehcient  in  tlie  variety  of  its  exhibits  and 
in  the  extent  of  its  display.  The  most  creditable  portion  of  the  section 
was  that  in  the  machinery-hall,  where  a larger  number  of  original  in- 
ventions, ingenious  machines,  and  “new  and  useful”  devices  were  ex- 
hibited than  could  be  found  elsewhere. 

The  accompanying  plan  and  the  illustrations  distributed  through  this 
report,  which  were  made  from  photographs,  exhibit  better  than  could 
any  v^erbal  description  the  arrangement  and  appearance  of  the  United 
States  section,  and  of  other  parts  of  Machinery-Hall. 

21.  The  exhibition,  as  a whole,  was  remarkably  deficient  in  novelties 
n apparatus  or  in  processes,  and  an  American  mechanic  could  not  fail 
to  be  surprised  by  the  evident  lack  of  originality  among  European  con- 
structors, and  to  be  disappointed  in  his  expectation  of  finding,  at  an 
“international  exhibition,”  in  which  the  whole  civilized  woild  was  rep- 
resented, so  little  that  was  new  and  such  slight  evidence  of  progress  in 
the  industrial  arts  since  the  Paris  Exposition  of  1807. 

In  comparing  the  sections  assigned  to  the  various  nations  w hich  were 
represented  in  Machinery-Hall,  it  became  evident  on  the  most  cursory 
examination  that  the  truly  uov'el  was  almost  iuvariabl}"  found  in  the 
sections  of  Great  Britain  and  the  United  States. 

Great  Britain  greatly  excelled  all  other  nations  in  the.  variety  of 
machinery  exhibited,  in  substantial  construction,  and  in  the  effectiveness 
of  her  standard  machinery.  The  display  made  by  citizens  of  the  United 
States  was,  though  limited  in  extent,  the  richest  in  new  forms  of  appa- 
ratus, and  contained  by  far  the  most  striking  examples  of  the  special 
adaptation  of  machines  to  peculiar  varieties  of  work,  and  of  w^hat  is 
commonly  designated  as  “labor-saving”  machinery. 

22.  All  other  nations,  as  a rule,  simply  presented  coiuesof  British  and 
American  machines.  These  were  frequently  announced  as  such,  seem- 
ingly to  secure  confidence  in  their  value.  Corliss  engines,  and  tools 
marked  “ Systdme  Sellers,'’^  or  copied  from  Browne  & Sharpe,  Pratt  & 
Whitney,  and  others  of  our  w^ell-known  mechanics,  were  frequently  met 
with. 
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When  a deviation  from  standards  had  been  atterni)ted,  it  was  very 
commonly  unsuccessful,  both  in  design  and  execution.  The  French  firms 
ofDucommun  &Co.,of  Mulhouse,  and  Schneider,  of  Cfeu;5ot,  were  marked 
exceptions  to  this  rule,  as  were  also  the  Cockerill  Iron  Works,  of  Seraing, 
Belgium,  and  Knipp,  of  Essen,  Prussia.  All  of  these  establishments 


Fig.  1. — United  States  Section,  Machinery-Hall.  (Flan.) 


turned  out  work  that  was  remarkable  for  its  excellence  of  material  and 
finish.  They  exhibited  less  originality  in  design  than  their  British  and 
American  competitors,  but  in  standard  designs  they  were  almost  unex- 
celled. 

Several  Austrian  firms,  notably  that  of  Pfaff,  Fernau  & Co.,  of  Vienna, 
in  the  manufacture  of  machinery,  and  George  Sigl,  in  locomotiv’'e-build- 
ing,  did  excellent  work. 

Borsig,  ot  Berlin;  Schmaltz  of  Saxony,  and  Zimmermanu,  exhibited 
well-made  machines. 
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The  Zurich  builders  attracted  attentiou  as  the  exhibitors  of  work  of 
more  than  usual  excellence,  aud  also  as  havdnp;’  produced  some  excellent 
and  partly  original  designs.  They  were  evidently  far  in  advance  of 
average  European  practice. 

The  observations  made  by  the  writer  when  studying  in  detail  the  class 
of  exhibits  with  which  he  was  particularly  conversant,  and  in  which  he 
was,  by  habits  aud  pursuits,  most  interested,  are  given  in  the  succeeding 
Keport  on  Special  Exhibits ; while  those  made  upon  the  general  tour  of 
Europe,  after  the  completion  of  the  work  at  Vienna,  follow  in  a section 
devoted  to  European  manufacturing  establishments  aud  technical 
schools. 


Fig.  2. — The  Corliss  engine. 
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MxVCIIIXERY  AND  TOOLS. 


INTRODUCTION. 

Method  of  study  ; Chakacteristics  of  xationai.  exhibits. 

23.  In  so  vast  a collection  as  that  which  crowded  t lie  fjreat  Maschineh 
Ualle''  and  its  several  annexes,  the  visitor  could  only  tliorou^hly  inspect 
and  critically  compare  the  exhibits  by  an  exiumdiinre  of  time  and  labor 
which  was  commensurate  with  its  extent. 

In  makin"  this  examination  durinjj  the  several  weeks  "iven  to  it,  the 
plan  was  adopted  of  takiii"  up  one  class  after  another,  ami  seekinjr  out 
the  representative  exhibits  in  each  section,  studyiii'^C  their  {general  jilans 
of  construction,  peculiarities  of  design,  and  the  arrangement  and  pro- 
portions of  details,  and  after  completing  this  work  in  the  collection  con- 
tributed by  one  nation,  passing  on  to  the  next,  and  linally  making  a 
general  comparison  of  the  distinguishing  features  of  each  and  of  the 
character  of  material  and  workmanship. 

24.  Each  nation  was  usually  found  to  excel  in  some  special  depart- 
ment of  industry,  but  the  difference  between  the  several  continental 
nations,  aiid  between  them  all  and  their  Anglo-Saxon  comiietirors  was, 
as  will  be  seen,  always  plainly  observable,  and  sometimes  very  striking. 
The  usual  characteristics  of  the  South  Europeans  were  elegance  and  light- 
ness of  form,  with  beauty  of  external  finish.  The  North  Europeans 
appeared  to  best  advantage  where  simplicity  of  form,  strength  of  parts, 
and  general  adaiitation  to  useful  purposes,  demanding  no  display  of  tine 
art,  were  requisites. 

The  British  and  Americans  both  excelled  in  originality,  the  former 
displaying  the  highest  excellence  of  workmanship  and  promise  of  great- 
est durability,  ami  the  latter  the  most  remarkable  ingenuity  and  capacity 
for  making  the  most  of  their  resources. 
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CHAPTER  I. 


STATIOXARY  STEAM-KXOIXES. 

State  op  European*  practice  ; Historicai.  outlike  of  modern  progress  ; Limits 
OF  economic  gain  by  expansion  ; Present  position  op  European  builders  ; 
Comparison  of  practice  of  various  nations  ; Conditions  of  efficiency  ; Direc- 
tions for  THE  ATTAINME.VT  of  ECONOMY  ; ENGINE  OF  SOCIN  & WiCK  ; ENGINE  OF 
SULZER  FRfeREs;  Trial  of  theSulzer  engine;  Plain  slide-valve  engines; 
Engine  OF  THE  Norwalk  Iron  Company;  Norwalk  Safety  Steam-Power  Com- 
pany; Tangyk  Brothers’  engine;  CoMPiiu.vD  engines  of  \V.  &.  J.  Galloway,  of 
Schneider*  Co.;  The  Ehrhaudt-Dingler engine  ; The  Porter-Allen  engine  ; 
ThbPickbring  engine  ; Brotherhood  & HARDiNGHAii's  three-cylinder  engines; 
Siemens’s  engine;  Review  of  the  whole  field;  Dimensions  of  exhibited 
engines;  Influence  of  American  designs  on  European  practice. 

25.  Recent  Progress. — Tlie  ninety  stationary  steam-engines  of  the 
Exhibition  were  carefully  examined;  bat  the  writer  regrets  to  be  com- 
pelled to  state  that  there  was  very  little  to  be  found  at  Vienna  in  this 
class  that  was  really  new  and  valuable. 

European  practice  is  evidently  passing  through  very  nearly  snch  a 
series  of  changes  as  have  been. noted  in  our  own  country  by  every  engi- 
neer who  can  trace  them  back  twenty  years. 

26.  The  value  of  high  pressures  and  considerable  expansion  was  rec- 
ognized as  long  ago  as  in  the  early  part  of  the  present  century,  and 
Watt,  by  combining  skilfully  the  several  principal  organs  of  the  steam- 
engine,  gave  it  very  nearly  the  shape  which  it  has  to-day.  The. com- 
pound engine,  even,  was  invented  by  contemporaries  of  Watt,  and  the 
only  important  modilicatious  since  his  time  have  occurred  iu  details. 
The  introduction  of  the  ‘^drop  cut-oftV’  the  attachment  of  the  governor 
to  the  expansion-apparatus  in  such  a m.iQuer  as  to  determine  the  degree 
of  expansion,  the  improvement  of  proportions,  the  introduction  of  higher 
steam  and  greater  expansion,  the  improvement  of  the  m arine  engine  by 
the  adoption  of  surface  condeusation,  in  addition  to  the.se  other  changes, 
and  the  introduction  of  the  double-cylinder  engine,  after  tlie  elevation 
of  steam-pressure  aud  increase  of  expansion  had  gone  so  far  as  to  jus- 
tify its  use,  are  the  changes  which  have  taken  place  duriug  this  ceutury. 
A quarter  of  a eeiitury  ago  it  began  to  be  generally  understood  that 
expansion  of  steam  produced  an  ecouomical  effect,  and  mechanics  aud 
iuv'  a‘.ora  vied  with  each  other  iu  the  effort  to  obtain  a form  of  valve- 
gear  which  should  secure  the  itnmeuse  economy  which  au*abstract  con- 
sideration of  the  exjiaiision  of  gases  according  to  Marriotte’s  law  would 
seem  to  promise.  The  counteractiug  iiheiiouiena  of  internal  condensa- 
tion and  re-evaporation,  ot  the  losses  of  heat  externally  aud  interiiallv, 
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and  of  the  eflect  of  defective  vacuum,  defective  distribution  of  steam, 
and  of  back  pressui«,  were  either  unobserved  or  were  entirely  over- 

looked. 

27.  It  was  uiauy  years,  therefore,  before  our  eugiue-builders  became 
convinced  that  no  improvement  upon  existing  forms  of  expansion-gear 
conid  secure  even  an  approximation  to  theoretical  efficiency.  Occasion- 
ally an  engineer  of  unusual  iatelligence  and  of  exceptional  power  of 

observation  found  this  to  be  the  fact. 

Mr.  Francis  B.  Steveus,  by  a careful  collation  of  indicator- cards,  con- 
structed more  than  twenty  years  ago  the  formula 

= pi±AMPM_«  _ B - cp« 

^ e 

in  which  p represented  the  mean  pressure,  P the  boiler-pressure,  e tUe 
expansion,  A,  B,  C,  constants  determined  by  observation  of  actual  per- 
formance of  engines.  This  formula  is  made  the  basis  of  another,  which 
gives  the  probable  consumption  of  fuel  at  any  degree  of  expansion 
and  at  any  given  pressure.  By  this  latter  equation  a series  of  iniu- 
inium  rules  was  worked  out  by  its  author,  which  gave  what  would  now 
be  recognized  by  an  experienced  engineer  as  very  correctly  represent, 
ing  the  limit  of  economical  expansive  working.  The  available  energy 
of  steam  rises  as  pressure  and  temperature  increase,  in  consequence  of 
the  widening  of  the  range  of  temperature  through  which  expansion 
occurs,  to  ail  extent  which  somewhat  increases  the  economical  range  of 
expansion  beyond  the  limit  as  thus  deduced  from  extra-thermal  con- 
siderations. This  rise  is  not  rapid,  however,  and  Mr.  Stevens’s  figures 
are  very  probably  closely  accurate. 

28.  The  fact  thus  learned,  that  I he  benefit  of  expansive  working  bas 
a limit  which  is  very  soon  reached  in  ordinary  practice,  was  not  tlien, 
and  has  only  recently  become,  generally  kuown  among  our  steam-engine 
builders,  and  for  many  years  there  continued  the  keenest  competition 
between  makers  of  rival  forms  of  expansion-gear,  and  inventors  were 
continually  endeavoring  to  produce  something  which  should  far  excel 
any  previously-existing  device. 

This  phase  of  the  process  of  steam-eugiiie  improvement  seems  to  have 
been  Just  reached  iu  Europe,  and  the  general  recognition  of  the  value 
ot  a good  detachable  valve-gear,  with  the  governor  so  attached  as  to 
determine  the  point  of  cut  off,  has  caused  a rivalry  among  Eurot>ean 
builders,  in  the  effort  to  produce  the  best  valve-motion,  which  has  led 
to  the  introduction  of  just  such  a variety  of  devices — usually  crude,  un* 
mechanical,  and  complicated — as  we  have  been  so  familiar  with  in  tbe 
United  States.  In  Europe,  as  iu  the  United  States,  efforts  to  “im- 
juove”  standard  devices  have  usually  resulted  iu  injuring  their  effi- 
(?iency  and  in  simply  adding  to  the  first  cost  aud  running  expense  of 
the  engines,  without  securing  a marked  increase  in  economy  in  tbe  con- 
sumption of  steam. 

Since  European  practice  may  be  regarded  as  having  grown  out  ot, 


"A  = 2.3;  B = 5;  C = 0.06. 
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aud  as  having  progressed  during  late  years  by  imitation  of,  American 
practice  in  the  manafactnre  of  first-class  stationary  engines,  it  is  un- 
necessary to  give  here  further  description  of  any  of  this  class  of  ma- 
chinery. 

29.  In  the  prmliiction  of  the  best  engines,  several  nations  have 
exhibited  great  skill  in  workmanship,  and  have  made  use  of  exwdlent 
material.  The  British  stand  at  the  head  of  European  nations,  and  side 
by  side  with  the  manufacturers  of  the  United  States.  The  Belgians,- 
tlie  French,  and  tlie  Swiss  are  following  the  English-speaking  nations 
very  closely,  and  the  frermans  and  Austrians  are  rapidly  closing  up  the 
wide  space  which  so  recently  sep  irateil  them  from  the  former. 

In  one  form  of  stationary  steam  engines  the  English  excel  all  coun- 
tries, not  excepting  tlie  Unitel  States.  This  is  the  small  horizontiil 
slide-valve  engine,  with  independent  slide  cut-off  riding  on  the  back  of 
the  main  valve — a combination  generally  known  among  engineers  as  the 
Meyer  system  of  valve-gear.  This  form  oi  steam-eugiiie  is  a very  excel- 
lent and  effective  machine,  and  does  excellent  work  when  properly 
jiroportioned  to  yield  the  requireil  am  Aunt  of  power,  it  is  well  adapted 
to  an  expansion  of  from  four  to  five  times,  its  disaJv'antages  are  the 
dil^ulty  which  it  presents  in  the  attachment  of  the  regulator  to  deter- 
mine the  point  of  cut-off  by  the  heavy  work  which  it  throws  upon  the 
governor  when  attached,  and  the  rather  inflexible  character  of  the  device 
as  an  expansive  valve-gear.  The  best  example  of  this  class  of  engine 
had  neat  heavy  bed-plates,  well-designed  cylinders  and  details,  smooth- 
working valve-gear,  the  expansion-valve  adjusting  by  a right  aud  left 
hand  screw,  and  regulation  secureil  by  the  attac-hineut  of  the  governor 
to  the  throttle- valve. 

A considerable  miml.)er  of  componn«l  stationary  engines  were  exhib- 
ited in  various  ilepartments.  Tiie  larger  proportion  were  neither  neat 
in  design  nor  well  proj)ortioiie«l.  Tiie  valve-gear  was  frerpiently  very 
awkwanl  in  general  arrangement,  and  not  at  all  satisfactory  in  any 
respect. 

30.  Conditions  of  efficiency. — The  principles  and  the  practice  of 
good  engineering  are  precisely  the  same,  whether  applied  in  the  design- 
ing of  the  (mniponnd  or  of  the  ortlinary  type  of  steam-engine.  The  pro- 
portioning of  the  two  machines  to  each  other  in  such  manner  as  to  form 
an  eflective  whole,  by  procuring  approximately  ecpial  amounts  of  work 
from  both,  is  the  only  essential  peculiarity  of  coinpound-engiiie  design 
which  calls  for  esi)ecial  care,  and  the  method  of  securing  success  in 
practice  may  be  stated  to  be,  for  both  forms  of  engines,  as  follows: 

Ist.  A good  design,  by  which  is  meant — 

(rt)  Correct  luoportions,  both  in  general  dimensions  and  in  arrange- 
ment of  parts,  aud  jiroper  forms  and  sizes  of  details  to  withstand 
siifely  the  forces  which  may  be  expected  to  come  upon  them. 

(/>)  A general  plan  which  embodies  the  recognized  practice  of  good 
engineering. 


20 


VIENNA  INTERNATIONAL  EXHIBITION,  1873. 


(c)  Adaptation  to  the  specific  work  which  it  is  intended  to  perform, 
in  size  and  in  efficieucv.  It  sometimes  happens  that  good  prac. 
tice  dictates  the  use  of  a comparatively  uneconomical  design. 

2d.  Good  construction,  by  which  is  meant— 

(a)  The  use  of  good  material. 

(b)  Accurate  workmanship. 

(c)  Skilful  fitting  and  a proper  ‘‘  assemblages^  of  parts. 

3(1.  Proper  connection  with  its  work,  that  it  may  do  its  work  under 
the  conditions  assumed  in  its  design. 

4th.  Skilful  management  by  those  in  whose  hands  it  is  placed. 

31.  In  general,  it  may  be  stated  that,  to  secure  maximum  economical 
efljciency,  steam  should  be  worked  at  as  high  a pressure  UsS  possible,  aud 
the  e.xpausiou  should  be  fixed  as  nearly  as  possible  at  the  point  of  max* 
imom  economy  for  that  pressure.  It  is  even  more  disadvantageous  to 
cut  oft'  too  short  than  to  “ ‘ follow  ’ too  far.”  With  considerable  expansion 
steam-jacketing  and  moderate  superheating  should  be  adopted,  to  pre. 
vent  excessive  losses  by  internal  condensation  and  re-evaporation,  aud 
expansion  should  take  place  in 'double  cylinders,  to  avoid  excessive 
weight  of  parts,  irregularity  of  motion,  and  great  loss  by  friction. 

External  surfaces  should  be  carefully  covered  by  non-conductors  gud 
noil-radiators,  to  prevent  losses  by  conduction  and  radiation  of  heat.  It 
is  especially  necessary  to  reduce  back-pressure  and  to  obtain  the  most 
perfect  vacuum  possible  without  overloading  the  air-pump,  if  it  is  de- 
sired to  obtain  the  maximum  efficiency  by  expansion,  and  it  then  be- 
comes also  very  necessary  to  reduce  losses  by  “ dead-spaces”  and  by 
badly-adjusted  valves. 

The  jMston  speed  should  be  as  great  as  can  be  sustained  with  safety. 

The  expansion-valve  gear  should  be  simple.  The  point  of  cut-oft 
should  be  determined  by  the  governor.  The  valve  should  close  rapidly, 
but  without  shock,  and  should  be  balanced,  or  other  device  should  be 
adopted  to  make  it  easy  to  move  and  free  from  liability  to  cutting  or 
rapid  wear. 

The  governor  should  act  promptly  and  powerfully,  aud  should  be  free 
from  liability  to  oscillate,  aud  to  thus  introduce  irregularities  which  are 
sometimes  not  less  serious  than  those  which  the  instrument  is  intended 
to  prevent. 

Friction  should  be  reduced  as  mucb  as  possible,  and  careful  provision 
should  be  made  to  economize  lubricants  as  well  as  fuel. 

Guided  by  these  general  aud  fundamental  principles  of  steam-engine 
practice,  a comparison  of  the  work  exhibited  at  Vienna  will  show  that, 
among  stationary  engines  of  the  highest  class,  the  American  type  of 
engine,  with  detachable  valve-gear,  stands  at  the  head  of  all,  aud  is 
almost  universally  regarded  as  a standard  to  be  copied  as  closely  as 
possible. 

32.  Exhibited  engines  with  drop  cut-off. — The  most  creditable 
engine  of  this  class,  in  the  opinion  of  the  writer,  was  that  of  Messrs. 
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SociN  & Wick,  of  .Basle,  one  of  the  several  Corliss  engines  exhibited. 
It  was  rated  at  30  horse-power.  The  valve-gear  was  that  modification  of 
the  Corliss,  known  as  the  Spencer  & Inglis.  The  engine  is  an  excel- 
lent copy,  apparently  of  good  material,  and  of  a style  of  finish  and 
workmanship  which  indicates,  as  does  much  of  the  Swiss  machinery, 
that  the  technical  school  at  Zurich  is  well  placed  among  people  who 
can  profit  by  the  teiiching  which  they  are  receiving  from  it.  The  Swiss 
exhibit  a degree  of  mechanic<d  skill  and  engineering  capacity  which 
places  them  at  least  on  a level  with  any  other  continental  i^eople. 

33.  The  steam-engine  ol  Messrs.  Sulzer  Brothers,  of  Winterthur, 
Switzerland,  was  considered  by  many  of  the  jury  the  finest  steam- 
engine  in  the  Exhibition.  These  makers  have  gained  a reputation  in 
Euroi)e  as  makers  of  a very  etticient  and  economical  engine,  and  this 
feeling  and  the  convictions  of  the  jury  were  indicateKl  by  their  award 
of  the  highest  premium  to  that  firm. 

The  engine  exhibited  at  Vienna,  as  illustrative  of  their  best  type,  was 
a modified  Corliss  engine,  of  excellent  construction  and  well  finished, 
but  was  .in  no  respect,  in  the  judgment  of  the  writer,  superior  to  a lit- 
tle full-Corliss  engine  exhibited  by  Messrs.  Socin  & Wick.  The  latter 
engine,  also*  possessed  all  of  the  simplicity  and  efficiency  of  a true  Cor- 
liss engine,  while  the  Sulzer  engine*  with  its  “improvement”  in  valve- 
motion,  was  rendered  somewhat  more  complicated,  and  probably  less 
perfect  in  regulation,  by’the  modification. 

If  the  modification  of  ilesign  was  made,  as  is  frequently  the  case,  for 
the  purtmse  of  giving  the  manufacturers  a ground  upon  which  to  base  a 
claim  for  superiority,  and  thus  to  make  a market  for  an  engine  having 
peculiarities  of  design  which  they  control,  the  object  is  readily  compre- 
hended, ami  the  a^lvantage  of  snch  a change  of  design,  even  when  the 
gain  of  efficiency  is  in  itself  of  no  considerable  amount,  may  be  appre- 
ciated. In  this  case  the  changes  introduce<l  were,  in  the  opinion  of  the 
writer,  rather  injurious  than  beneficial.  The  engine  of  Socin  & Wick 
would  probably  drive  as  economically,  regulate  more  perfectly,  and  re- 
quire fewer  repairs. 

The  Sulzer  engine  (Figs.  4 ami  5)  had  a steam-cylinder  of  17 J 
inches  diameter  and  a stroke  of  piston  of  3 feet  o|  inches.  The  cylin- 
<ler  was  steam-jacketed,  and  very  thoroughly  protected  by  a lagging  of 
cement,  felt,  and  wood,  laid  one\)ver  the  other.  The  frame  was  similar 
to  that  now  in  general  ust*,  and  famili.ar  to  all  engineers,  as  adopted  by 
Corliss,  by  Babcock  & Wilcox,  and  by  other  well-known  firms  building 
horizontal  engines. 

The  valve-gear  was  an  ingeniously  complex  arrangement,  eml>i>dying 
some  of  the  devices  of  Sickles,  Corliss,  and  Greene,  and  the  governor, 
which  is  so  attached  as  to  determine  the  point  of  cut  off,  is  that  of 
Porter.  The  whole  is  a neat  combination  of  devices  which  have  indi- 
vidually been  long  known  in  the  United  States. 
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34.  The  engine  here  described  is  of  70  dynamometric  horse  power, 
when  making  the  somewhat  moderate  number  of  50  revolutions  per 
minute,  under  a steam*pressure  of  75  pounds,  and  expanding  about  four 
times. 


Fig.  5. — Sulzer  eugine — end  elevation. 


L similar  eugine  is  said  to  have  given  an  economy  which  is  extremely 

unisual — 18 J pounds  of  water  per  horse-power  per  hour,  and  pounds 
of  5oal  per  horse  power  per  hour. 

?he  distribution  of  steam  was  excellent,  as  shown  by  the  fac  simile  of 
an  indicator-card  here  shown.  Fig.  G,  of  which  the  original  was  given  the 
•wnter  by  the  agent  of  Messrs.  Sulzer. 

More  than  a hundred  engines  of  this  type  and  size,  varying  from  15 
b 200  horse-power,  were  said  to  have  been  built  by  this  firm. 

On  a 400  horse  power  engine  the  makers  guaranteed  a consumption 
o‘ less  than  20  pounds  of  water  per  horse-power  per  hour;  and  the 
nakers  furnished  a minute  account  of  the  trial  made  to  determine  the 
ciestion  of  its  fulfilment. 

Professor  Lindd,  who  was  called  to  make  the  determination,  reports 
tie  following  results,  giving  mean  values  for  a trial  of  four  days: 


fcoam-preasure,  pounds 70. 

lessure  in  condenser,  pound 0. 27 

Jxpansions 10. 

Indicated  horse-power 395. 
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Dyuamometrical  pofrer 365. 

CoDsamptioD  of  steam  per  hour  per  indicated  horse-power jg  g 

Coosumption  of  st^am  per  hour  per  dynamometric  horse-power* 21. 

Consumption  of  coal  per  hour  per  indicated  horse-power g j 

Consumption  of  coal  per  hour  per  dynamometric  horse-power 3 5 

Water  evaporated  per  pound  coal 6. 2 

Temperature  chimney,  Fahr 309^ 


Had  the  evaporation  of  water  been  10  pounds  per  pound  of  coal, 
the  onsumption  of  fuel  would  have, been  reduced  to  less  than  2 pounds 
per  indicated  horse  power. 
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adapte<l  to  smaller  powers  or  to  sitaations  where  fuel  is  not  very  expen- 
sive, or  where  perfect  refpilarity  of  movement  is  net  deemed  essential, 
the  British  builders  stand  first.  Their  standard  engine,  with  Meyer 
expansion- valve,  as  built  by  their  best  firms,  represents  the  best  exist- 
ing practice  in  this  field.  In  the  construction  of  their  portable  engines, 
which  are  usually  of  this  type,  the  British  manufacturers  also  excel, 
and  have  attained  what  seems  to  builders  and  engineers  in  the  United 
State.s  a wonderful  success  in  the  attempt  to  secure  high  economical 
efti  ciency. 

It  is  generally  thought  that  with  engines  of  considerable  size  a con- 
sumption of  2j  pounds  of  coal  per  horse  power  per  hour  is  an  excellent 
performance.  This  degree  of  economy  has  been  attained  with  English 
portable  engines  on  more  than  one  occasion. 

The  peculiarities  of  British  practice  by  which  this  result  is  secured 
seem  to  be  simply  a strict  adherence  to  the  principles  of  construction 
above  enunciated  and  extraordinary  care  and  skill  in  management. 

Of  the  simplest  standard  form  of  steam-engines,  there  were  specimens 
in  the  United  States  section  which  were  unexcelled.  The  honzontal 
engine  of  the  Norwalk  Company  illustrates  well  a good  class  of  engine, 
and  the  vertical  engine  of  the  New  York  Safety-Power  Company  has  no 
superior  in  beauty  of  dOvSign  or  excellence  of  workmanship.  Both  of 
these  engines  have  piston-valves,  and  only  expand  steam  as  far  as  c<in 
be  well  accomplished  by  giving  lap  to  the  main  valve. 


Fm.  7. — Engiuo  of  Norwalk  Iron-Works. 


36.  The  engine  of  the  Norwalk  Iron  Company  (Figs.  7 and  8)  was  an 
excellent  example  of  a very  common  and  serviceable  tyiie,  of  which  exam- 
ples are  met  with  in  large  numbers  of  the  mills  and  manufactories  of  the 
United  States.  Figs,  7 and  8 are  views,  from  front  and  rear, of  thisengine. 
The  cylinder  and  bed  form  a continuous  piece,  the  latter  transmitting 
the  longitudinal  pull  and  thrust  of  the  piston  directly  from  cylinder  to 
pillow-block.  Two  supports,  one  under  the  cylinder  and  the  other  under 
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‘he  crank-shaft  pillow-block,  take  the  weight  of  the  engine  and  furnish 
a means  of  secaring  it  to  its  foundation.  The  cross-head  guides  are  cast 
with  the  bed-piece. 


Fig.  8. — Engine  of  the  Norwalk  Iron-Works. 


The  valve  used  is  the  Wheeler  pistou- valve,  which  consists  of  two 
peculiarly-constructed  pistons  connected  by  a rod,  and  is  worked  by  aa 
ordinary  eccentric.  By  a simple  arrangement  these  pistons  always  have 
the  same  pressure  inside  as  out,  which  prev'ents  any  leakage  or  blowing 
through,  and  they  are  said  always  to  work  equally  as  well  and  freefroiji 
friction  under  oue  hundred  and  hfty  power  pressure  as  under  ten  pounds 
per  square  inch,  and  to  require  no  adjustment. 

The  cut-off  valve  is  not  connected  with  the  regulator,  but  in  nearly 
every  respect  the  engine  is  most  creditable  tq  its  builders.  It  is  neah 
light,  strong,  and  well  finished,  and  did  good  work. 

37.  The  accompanying  illustrations  exhibit  the  engines  shown  at  the 
Exhibition  by  the  New  York  Safety  Steam-Power  Company 
with  their  details.  Figs.  9 and  12  are  illustrations  of  their  10  and 
2 horse  power  engines  j Fig.  10  is  a sectional  view,  and  Fig.  11  is  an 
enlarged  section  of  the  valve-chest,  showing  the  arrangement  of  the 
valves  and  port.  Fig.  13  represents  the  connecting-rods.  These  rods 
are  lorged  in  a single  piece,  having  no  straps,  gibs,  or  key,  to  get  loose* 
but  are  mortised  through  at  each  end  for  the  reception  of  the  brass 
bo.xes,which  are  curved  on  their  backs,  and  fit  the  cheek-pieces,  between 
which  they  can  turn,  to  adjust  themselves  to  the  pins,  in  the  plane  of  the 
axis  of  the  rod.  The  adjustment  for  wear  is  made  by  the  wedge-blocks 
and  the  set-screws,  as  shown,  and  they  are  so  constructed  that  the  parts 
cannot  get  loo.se  and  cause  a break-down,  as  not  unfrequently  happens 
with  engines  of  the  ordinary  construction.  Fig.  14  exhibits  the  cross- 
heads.  They  have  adjustable  gibs  on  each  side,  turned  to  fit  theslides’ 
w ich  latter  are  cast  solidly  in  the  frame,  and  bored  out  exactly  in 
me  with  the  cylinder.  This  permits  the  cross-head  to  freely  turu  on  it® 
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axis,  and,  in  connection  with  the  adjustable  boxes  in  the  connecting-rod, 
it  allows  a perfect  self-adjustment  to  the  line  of  the  crank-pin.  By 


Fig.  9.— New  York  Safety  Steam-Power  Company’s  engine. 


adopting,  this  arraugement,  the  out-board  bearing  may  be  moved  an 
inch  or  more  out  of  position  in  any  direction,  without  detriment  to  the 
engine,  every  bearing  accommodating  itself  perfectly  to  whatever  posi* 
tion  the  shaft  may  assume.  Fig.  15,  page  30,  illustrates  the  pillow-blocks 
They  have  a spherical  shell,  turned  and  accurately  fitted  into  the 
spherically-bored  pillow-block,  thus  allowing  a slight  angular  motion  in 
any  direction,  and  providing  neatly  and  elfectively  against  the  heating 
of  journals  by  getting  out  of  line. 

These  engines  were  unexcelled  in  compactness,  in  neatness  of  design, 
elegance  of  proportions,  or  excellence  of  material  and  workmanship,  by 
any  engines  of  similar  class  in  the  Exhibition.  They  may  justly  be  re- 
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garded  as  exceedingly  creditable  representations  of  the  best  American 
practice  in  the  design  and  construction  of  engines  of  small  power. 


Fig.  10. — Vertical  section. 


Fig.  12. 


The  builders  of  these  engines  state  that  i^theyj^fit  up  consitlerable 
numbers  of  their  engines  in  small  steam-yachts. 


TAXGYE  brothers’  STEAM  ENGINES 
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Fig.  16. — Taiigye’s  stationary  steam-engine. 

38.  The  engine  ofTANGYE  Brothers,  of  BiriiiiugliaiUjEiiglaDd, shown 

in  the  accompanying  illustration,  Fig.  IG,  i.s  an  example  of  an  excellent 
British  stationary  steam-engine.  It  is  simple,  strong,  and  efficient.  The 
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frame,  front  cylinder-head,  cross-head  guides,  and  crank-shaft  plumber- 
block  are  cast  in  one  piece,  as  has  so  generally  been  done  in  the  United 
States  for  a long  time  by  some  of  our  manufacturers.  The  cylinder  is 
secured  against  the  end  of  the  bed-plates  as  was  first  done  by  Corliss, 
ten  or  fifteen^ years  ago.  The  crank-[)iii  is  set  in  a counterbalanced 
disk.  The  valve-gear  is  simple  and  the  governor  effective  and  novel,  and 
provided  with  a safety  ^device  to  i)reveut  injury  by  the  breaking  of  the 
governor-belt.  • 


ITo.  15. — Pillow-blocks. 


30.  Compound  engines. — The  compound  stationary  engines  exhibited 
do  not  reciuire  extended  mention.  Tliey  are  few  in  number,  and,  as 
already  remarked,  are  not  usually  remarkable  for  good  design  or  for  good 
workmanship. 

Messrs.  W.  & J.  Galloway,  of  Great  Britain,  exhibited  a plain 
substantial,  well-built  machine  of  this  class,  of  which  a view  is  given  in 
the  accompaiij’ing  engraving,  Fig.  17.  It  was  intended  for  a mill- 
engine,  and  seemed  quite  well  adapted  to  such  use.  Its  steam-cylinders 
were  14  and  24  inches  in  diameter,  respectively,  w’ith  30  inches  stroke  of 
piston.  The  cranks  were  set  at  angles  of  180^,  the  pistons  moving  in 
opposite  directions.  The  crank-pins  were  stq  in  disk-cranks.  The  valve, 
gear  was  of  the  usual  type  of  slide,  with  ciit-olf  valve  on  the  back, 
adjusted  by  the  regulator.  The  gijveriior  was  of  i)eculiar  design,  embody- 
ing the  principle  of  the  Forter  governor,  and  determined  the  point  of 
cut-off  by  moving  a link.  The  cylinder  was  not  steam-jacketed. 

A condenser  and  air-pump  were  attached,  the  latter  having  a diameter 
of  8 inches,  and,  being  driven  by  the  extension  of  the  piston-rod  of  one 
engine,  had  the  same  stroke,  30  inc)ie.s.  The  engine  was  worked  under 
a pressure  of  60  pounds  per  square  inch,  and  formed  a. vacuum  of  28 
inches  of  mercury.  It  was  rated  at  100  horse-power. 

40.  The  best  example  of  a finely-finished  stationaiy  compound  engine 
was  that  exhibited  by  the  M M.  Schneidbu,  of  Creiizot,  France.  It  vas 
of  the  now  common  ituivlne  type  in  its  general  design,  of  100  or  120 
horse-power.  It  was  well  proportioned,  and  had  been  given  a most 
remarkably  tiue  finish,  which  exhibited  well  the  excellence  of  its 
material.  It  was  too  extensively  polished  and  too  expensively  finished 
to  represent  standard  work. 

In  the  accompanying  plates,  Fig.  18  represents  this  engine  in  verti- 
cal section ; Fig.  19  is  a plan,  with  horizontal  section  of  the  steani- 
cylinders,  showing  their  relative  magnitude  and  general  disposition; 
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Fig.  20  is  a vertical  longitudiual  section,  exhibiting  the  arrangement 
of  ports  and  valve-gear,  and  Fig.  21  is  a horizontal  section  along  the 
shaft-line. 

The  steam-cylinders  were  and  15J  inches  diameter,  and  the  stroke 
of  piston  was  23f  inches.  The  cranks  were  arranged  at  right  angles^ 
as  practiced  l>y  Napier.  The  details  of  the  design  were,  in  some  respects, 
faulty.  The  high-pressure  cylinder  was  surrounded  by  a jacket  which 
received  the  exhaust-steam — a very  ingenious  device  for  producing 
waste  of  heat.  This  exbaust-jacket  was  also  made  large  to  perform  the 
part  of  the  intermediate  receiver  required  on  this  form  of  engine,  and 
was  probably  larger  than  was  needed.  It  had  several  times  the  capacity 
of  the  small  cylinder ; it  would  be  equally,  if  not  more,  efficient  if  made 
of  equal  size  with  that  cylinder,  or  very  little  larger. 

The  frames  were  hollow,  strong,  neat,  and  well  placed,  and  the  interior 
was  used  as  a condenser,  a practice  which  has  now  become  very  general. 
The  single  air-pump  was  placed  back  of  the  frame,  and  was  worked  by 
a beam,  or  lever,  linked  to  the  cross-head  in  the  usual  way.  Its  dimen- 
sions were  9 inches  diameter  and  1 1 J inches  stroke.  It  was  single-acting. 

The  cut-off  valve  on  the  smaller  cylinder  was  worked  by  an  independent 
eccentric,  which  was  so  arranged  as  to  be  adjustable  for  different  ranges 
of  expansion.  No  expansion-valve  was  provided  for  the  low-pressure 
cylinder.  The  grade  of  expansion  could  be  varied  by  means  of  the 
valve  on  the  high-pressure  cylinder  to  a minimum  of  about  one-ninth  or 
one-tenth.  As  customarily  set,  it  would  suppress  admission  at  about 
one-fourth. 

Regulation  was  effected  by  a governor  acting  upon  a valve  in  the 
steam-pipe — a method  of  less  efficiency  than  that  generally  practiced  in 
the  United  States,  of  adjusting  the  point  of  cut-off  by  the  governor. 
The  governor  was  of  the  approximately  parabolic  form  with  cross  arms  j 
the  governor-valve  was  Schneider’s  patent  equilibrium  valve. 

41.  The  most  striking  design  of  compound  engine  was  that  designed 
by  L.  Eiirhaedt,  and  exhibited  by  the  Diugler’sche  Maschinenfabrik, 
Zweibriicken.  The  two  cylinders  were  side  by  side,  and  incased  in  one 
large  cylindrical  jacket.  The  cranks  were  placed  at  angles  of  180°,  the 
pistons  moving  in  opposite  directions.  The  remarkable  peculiarity  of 
the  design,  and  that  which  attracted  most  attention,  was  the  use  of  con- 
tinuously-revolving cylindrical  valves,  very  similar  to  those  introduced 
in,  the  United  States  many  years  ago  by  Thomas  Good  rum.  The  gov- 
ernor is  attached  to  determine  the^ point  of  cut-off*  in  a manner  also  simi- 
lar in  principle  to  that  of  the  American  inventor.  This  engine  was  the 
quietest  and  most  smoothly-running  engine  at  Vienna,  and  is  an  excellent 
example  of  a combination  of  devices,  nearly  all  of  which  are  familiar  to 
many  American  mechanics.  Its  general  plan  was  the  invention  of 
Hornblower,  and  is  a hundred  years  old,  and  the  cranks  were  similarly  • 
arranged  by  Randolph  & Elder  a quarter  of  a century  ago.  The  valves 
are  those  of  Goodrum.  The  piston  is  without  rings,  and  has  a broad 
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l)C8-ringj  like  pistoiis  whicli  have  l)eeii  ioii^  used  on  the  Mississippi 
River.  The  governor  is  that  of  Porter,  an  invention  which  seems,  like 
the  Pickering  governor,  to  have  become  well  known  and  largely  iutro- 
duced  in  all  European  countries.  The  steam-jacket  is  no  novelty. 

The  members  of  the  International  Jury,  Group  XIII,  were  furnished 
copies  of  a pamphlet  written  by  the  designer,  in  which  he  reviews  this 
engine  and  states  his  reasons  for  adopting  the  general  plan  and  for  its 
peculiarities  of  detail.  He  presents  a ySsum6  of  the  advantages  and 
disadvantages  attending  the  use  of  steam  for  high  pressure  with  great 
expansion,  and  gives,  as  the  causes  of  the  discrepancy  observed 
between  the  results  shown  to  be  theoretically  attainable  and  those 
actually  reached  in  practice,  the  facts  that — 

(a)  The  size  and  weight  of  the  machine  in  all  its  details  must  be  so 
much  increased  as  to  introduce  excessive  friction  with  a comparatively 
low  mean  steam-pressure.  The  ratio  of  useful  to  lost  work  becomes  thus 
reduced  seriously. 

(b)  The  condensation  of  steam  at  the  beginning,  and  its  re-evapora- 
tion at  the  end,  of  the  stroke  become  causes  of  loss  which  losses  become 
rapidly  more  serious  as  the  dilterence  of  temperatures  and  pressures  at 
the  two  extremes  becomes  greater. 

(c)  The  difficulty  of  keeping  the  valves  and  piston  steam-tight  be- 
comes, with  high  pressure,  very  serious. 

{d)  To  reduce  this  loss,  high  piston-speed  is  demanded,  as  the  loss  is 
constant  for  equal  times,  whatev^er  the' speed,  and  thus  an  increase  of 
speed  reduces  the  ratio  of  loss  to  utilized  heat  and  work. 

He  therefore  concludes,  with  Vdlkers,  that — 

{e)  The  boiler  of  the  high-pressure  engine  must  be  made  stronger  aud 
in  all  ways  better  than  that  of  the  engine  working  under  lower  pressure. 

(/)  The  engine  itself  must  be  made  stronger,  of  better  material,  and 
of  better  workmanship. 

The  designer  concludes  that  the  point  of  cut-olf  on  the  single  cylinder 
with  low  piston-speed,  for  maximum  efficiency,  when  carrying  90  pounds 
of  steam,  is  at  about  one-eighth,  a somewhat  greater  expansion  than  the 
writer  has  found  best,  unless,  possibly,  with  very  w'ell  built  eQgiues» 
working  dry  steam,  in  well-jacketed  cylinders,  aud  at  a very  high  speed 
of  piston.  He  concludes  that  high  piston-speed  is  an  essential  elenient 
of  efficiency,  a conclusion  previously  arri veil  at  aud  long  practiced  by 
builders  in  the  United  States.* 

*The  following  principles  were  ouuuciated  by  the  writer  previous  to  ISOO: 

“Requisites  of  economical  marine  engines.— A speed  of  piston  of  stroke, 
or  higher. 

“A  mean  pressure  as  high  aud  as  near  the  boiler-pressure  .is  pos-sible  for  the  giveu 
expansion. 

“A  steady  movement  of  the  p.iddle-wheel  or  screw. 

‘A  maximum  diameter  ol  paddle-wlieel,  or  the  uiiuitnuin  area  of  .screw-disk  compati- 
ble with  minimum  total  resistance  of  the  propelling-instrument.  Proportion  ot  ooiler 
heating-surface  to  grate  such  as  to  reduce  temperature  of  e.scaping  gases  to  uiiiiuii'*'^ 
needed  tor  draught.  Ample  space  in  boiler  coiiibii.stioii-cbamber  to  permit  tlioroug 
intermixture  and  perfect  combustion.  Heated  .surfaces  to  be  tborougnly  covered  witu 
non-conductors.” 
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Ehrbardt,  therefore,  considering  none  of  the  existing  designs  satis- 
factory, attempts  a new  and  entirely  original  plan.  He  has  probably 
invented  all  of  the  devices  claimed,  but  it  curiously  happens  tliat  in  all 
he  has  been  anticipated  by  independent  invention  in  this  country. 

He  works  with  a steam-pressure  of  about  150  pounds  per  square  inch, 
expanding  about  ten  times.  The  degree  of  expansion  is,  however,  v^ari- 
able.  His  cylinders  at  Yienna  were  and  OJ  inches  diameter,  respect- 
ively, the  stroke  of  piston  19f  inches  in  each. 

The  speed  of  piston  was  very  nearly  390  feet  per  minute. 

The  two  cylinders  of  the  engine  at  Yienna  were  covered  by  one  cylin- 
drical casing  which  gave  the  whole  the  appearance  of  a single  large 
cylinder.  The  whole  was  well  lagged  and  carefully  protected  against 
losses  of  heat  by  radiation  and  conduction.  The  piston  has  no  rings 
but  is  carefully  fitted,  and  must  be  rebuilt  when  it  or  the  cylinder 
becomes  worn  and  leaky. 


42.  Beside  the  description  of  this  engine,  and  this  statement  of  the 
claims  of  the  designer,  may  properly  be  placed  the  following  statement 
by  Mr.  Charl^T^Porter  .of  the  peculiar  features  of  the  Porter-Alien 
engines  built  by  him,  the  representative  high-speed  single-cylinder 
engine  in  the  United  States: 

“ Their  distinctive  features  are  as  follows: 

“ (a)  Rapid  piston-speed, — From  600  feet  per  minute  in  the  smallest 
sizes  to  800  feet  in  the  largest. 

“(5)  Short  .s^ro/ce.9.— Yarying,  in  the  different  sizes,  from  twice  to 
about  once  and  a half  the  diameter  of  the  cylinder. 

(c)  Rapid  rotation. — The  revolutions  per  minute  ranging  from  300  in 
the  smallest  to  100  in  the  largest  engines. 

“ {d)  Heavy  reciprocating  parts.— The^e  are  calculated  to  absorb  about 
one-half  of  the  force  of  the  steam  at  the  commencement,  and  give  it 
out  to  the  crank  at  the  termination  of  each  stroke,  compensating  for 
the  inequalities  of  pressure  occasioned  by  working  expansively,  giving 
smoothness  of  running,  and  enabling  the  builder  to  employ— 

“ {e)  Small  and  light  fly-wheels. — These  are  only  from  one-half  to  one- 
third  the  size  usually  required  on  engines  giving  the  same  power,  but 
are  sufficient  to  maintain  a very  uniform  motion. 

{,fl)  -d  variable  cut-off  in  which  the  valves  have  positive  movements. 

[g)  Four-opening  equilibrium  admission-valves^  loith  adjustable  pressure- 
plates. — This  is  an  admirable  feature,  especially  in  its  adaptation  to  high 
speeds,  admitting  and  cutting  off  the  steam  in  a very  perfect  manner, 
working  without  friction  under  the  greatest  pressures,  easily  kept  tight! 
and  relieving  the  cylinder  from  confined  water. 


diameter  of  paddle-wheel,  or  the  minimum  area  of  sorew-disk  comnati- 
ble  with  minimum  total  resietauce  of  the  propelliu-  instrument.  oompau 

temperature  of 

^ S^ses  to  the  minimum  needed  for  draught. 

perfeS^combustion  V^rmit  thorough  intermixture  and 

“ Heated  surfaces  to  be  thoroughly  covered  with  non-conductors.” 

3 MA 
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T1i(3  exhaust  is  bj’  four-opODingf  valves  working  under  the  pressure 
in  the  cylinder. 

“This  system  of  valves  and  valve-gear  is  the  invention  of  Mr.  John 
F.  Allen. 

“ (/i)  The  Porter  governor, — Giving  great  regularity  of  running  under 
extreme  changes  ot  resistance.^’ 

Its  short  stroke  enables  entire  solidity  to  bo  attained  in  a bed  of  rigid 
form,  making  it  a very  completely  self  contain  ed  engine,  adapted  to  the 
heaviest  work,  and  requiring  only  a small  foundation.  Solidity  auil 
simplicity  mark  all  i)arts  of  the  design. 

The  journals  of  the  shaft,  and  all  cylindrical  wearing-surfaces,  are  | 
finished  by  grinding  in  a manner  that  loaves  them  perfectly  round,  i 
The  crank-pin  and  cross-head  pin  are  hardened  before  being  ground.*  ' 

The  joints  of  the  valve-gear  consist  of  ])ins  turning  in  solid  fcrrulesiu 


the  rod  ends,  both  hardened  and  ground.  These  are  fonud  to  boex 
tremely  durable.  Seven  years  of  constant  use  .show,  as  claimed,  no  wear 
to  occasion  lost  time  in  the  valve-movements  ; but  in  these  engines, 
besides  the  fact  that  the  valve-gear  needs  no  looking  after,  the  valve 
action  is  found  to  be  the  same  after  years  of  running. 

The  lubrication  is  self  acting  and  reliable  throughout.  Should  it  be 
run  continuously,  as  it  maybe  for  an  indefinite  time,  the  lubricators 
may  all  be  filled  and  adjusted  with  the?  same  facility"  a.s  if  it  were  stand 
ing. 


The  advantages  attained  by  such  a couibiiuition  are,  according  to  Mr, 
Porter — 

t 

First.  Great  poicer  in  small  compass. — This  is  obtained  by  the  liigi 
speed  and  short  stroke,  and  by  carrying  the  steam  farther  before  ciittinj 
off  than  is  common  in  engines  working  expansively.  Gutting  off  earlie 
than  at  one-quarter  of  the  stroke,  in  the  opinion  of  the  builder,  is  alwaj 
attended  with  loss. 

The  powers  given  in  the  builder’s  table  are  said  to  be  fully  realized!! 
engines  running.  They  are  calculated  for  tSO  pounds  pressure,  cut  of 
at  one-quarter  of  the  stroke. 

Second.  Bnperior  economy. — High  8i>eed  and  short  strokes  are 
ered  by  Mr.  Porter  essential  elements  of  economy.  It  is  now  well  uuder 
stood  that  all  the  surfaces  with  which  the  steam  comes  in  contact  con 
dense  it  j it  is  also  coming  to  be  known  that  the  extremo  claims  t« 
economy  often  put  forward  are  in  a large  degree  fictitious,  and  that  tin 
engines  will  not  stand  real  tests.  The  comlensatioii  on  the  interior  siir.| 
faces  of  the  cylinder,  heads,  and  piston,  chilled  by  re-evaporation  diirini 
the  expansion,  and  especially  during  the  exhaust,  is  the  chief  caused 
a loss,  which  makers  try  to  liide. 

Obviously,  the  way  to  diminish  it  is  to  reduce  the  extent  of  surfad 
to  which  the  steam  is  exposed.  In  these  engines,  on  accouutoftli 
rapid  speed  and  short  stroke  and  later  cut-off,  the  surfaces  with  wind 
the  steam  comes  in  contact,  while  doing  a given  amount  of  work,  do 
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average  in  extent  more  than  one-third  tliat  found  in  ordinary  expansion 
engines.  This  is  the  cause  of  an  economy  that  slow-speed  engines  can- 
not attain. 

Third.  Power  transmitted  hy  helts. — This  engine  possesses  the 

advantage  of  driving  hy  a parallel  belt.  Converging  belts,  transmitting 
power  from  great  pulleys  on  the  engine-shaft  to  small  ones  on  the  line, 
involve  serious  difficulties.  In  this  engine  the  speed  is  attained  at  the 
engine-shaft,  the  belts  are  practicall}"  ])arallel,  and  may  be  as  short  as 
convenience  requires;  and,  the  upper  belt  being  made  the  loose  one, 
they  may  always  be  in  contact  with  more  than  one-half  the  circumfer- 
ence of  the  smaller  pulley. 

Fourth.  Economy  in  first  cost. — Besides  the  saving  in  transportation, 
foundations,  connections,  room,  and  fuel,  such  au  engine  can  be  afforded 
at  a low  price  per  horse  power. 

Where  great  steadiness  of  motion  is  desired,  the  expense  of  coupled 
ehgines  is  often  incurred.  These  engines  never  require  to  be  coupled ; 
a single  engine  is  found  to  give  greater  uniformity  of  motion  than  is 
obtained  with  coupled  engines  at  ordinary  speeds. 

The  speeds  prescribed  by  the  maker,  in  reality,  have  been  considerably 
exceeded  in  successful  practice.  They  are  speeds  settled  by  experience, 
and  for  wffiich  the  engines  are  in  all  resi)ects  designed;  the  ports  and 
valv'e-movements,  the  weight  of  the  reciprocating  parts,  and  the  size 
and  w^eight  of  the  fly-wheels  are  calculated  expressly  for  them. 

For  special  purposes,  such  as  direct  connection  with  lines  of  shafting, 
or  with  trains  of  rolls,  disi)eusing  with  gearing,  engines  of  even  shorter 
stroke  are  made,  adapted  for  any  speed  up  to  500  revolutions  per 
minute. 

One  of  these  engines  was  exhibited  at  the  Paris  Exhibition  of  1867. 
It  is  much  to  be  regretted  that  another  could  not  have  competed  with 
this,  the  only  European  rival  in  1873.  Its  economy  was  stated,  in  1870, 
by  a committee  of  the  American  Institute  of  New  York,  President  F.  A. 
P.  Barnard,  of  Columbia  College,  chairman,  to  have  exceeded  that 
exhibited  by  two  others  of  the  best  “drop-cut- off”  engines  exhibited 
previously  at  the  same  place. 

It  would  be  very  interesting  and  probably  instructive  to  embody  the 
principles  of  the  Porter-Alien  engine  in  a compound  engine.  There 
would  then  be  combined  to  an  extent  previously  untried  the  requisites 
of  high,  economic  efficiency. 

43.  Peculiar  designs. — Among  the  peculiar  designs  of  stationary 
engine  which  attracted  much  attention  was  the  Pickering  Engine 
and  governor,  illustrated  in  the  accompanying  engraving,  (Fig.  22.)  In 
designing  this  engine,  one  of  the  chief  points  kept  in  view  seems  to 
have  been  to  dis[)ense  with  the  usual  bed-plate,  and  to  resist  the  strains 
due  to  the  action  of  the  steam  on  the  piston  by  a direct  connection  be- 
tween the  cylinder  and  the  crank-shaft  bearings.  The  engine  has  no 
bed-plate;  the  casting  to  which  the  cylinder  and  the  crank-shaft  bearings 
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are  bolted  is  merely  a light  cast-iron  tray  to  catch  the  oil  drippings  from 
bearings  and  guide-bars.  The  strains  due  to  the  thrust  and  pull  of  the 
counectiug-rods  are  taken  by  the  guide-bars,  which  in  this  engine  are 
also  used  as  stays  connecting  the  cylinder-head  to  the  craiiksliaft 
plumber-blocks.  The  fly-wheel  runs  between  the  two  plumber-blocks, 
while  the  crank-shaft,  which  is  very  short,  has  a crank  at  each  end  and 
a pair  of  connecting-rods  coupling  the  cranks  to  the  cross-heads.  By 
this  arrangement  the  usual  cast-iron  bed  or  frame,  with  a sectional  area 
of  ten  or  twenty  times  that  of  the  piston-rod,  is  dispensed  with,  being 
replaced  with  light  wrought-iron  stays  of  a sectional  area  of  but  one 
and  a quarter  times  that  of  the  piston-rod.  The  crank-shaft  is  also  not 
only  shorter  than  with  other  styles  of  engine,  but  lighter,  as  the  power, 
instead  of  beiug  wholly  transmitted  frojii  one  end,  is  received  by  the 
fly-wheel  equally  from  each  end.  The  position  of  tlio  fly-wheel  is  such 
that  its  weight  tends  to  prevent  the  vibration  usually  noticeable  in 
small,  high-speed,  reciprocating  engines.  This  engine  has  a c.yliuder  6 
inches  in  diameter,  with  12  inches  stroke  of  piston,  the  piston-rod  being 
made  of  cold-rolled  iron,  not  turned  in  a lathe;  the  valve-spindle  is  made 
of  cold-finished,  unturned  steel.  A close  examination  of  this  pistou-rod 
and  valve-spindle  showed  that  they  had  as  good  a surface  and  were  as 
perfectly  cylindrical  as  they  would  have  been  if  carefully  finished  in  a 
lathe. 

The  engine  was  fitted  with  an  ordinary  slide-valve ; motion  was  trans- 
mitted from  the  eccentric  to  the  valvo-spiudle  through  a rocking-arm, as 
shown.  Speed  was  controlled  by  one  of  Pickering’s  spring  governors. 
It  consists  of  three  balls  mounted  on  springs  of  thin  plate-steel,  asshoiivu 
in  the  engraving;  the  ends  of  the  springs  are  secured  to  flanges,  the 
lower  of  w’hich,  resting  on  steel  washers,  and  having  a collar  to  preveiitits 
rising,  is  capable  of  only  a rotary  motion,  while  the  upper  one,  being  at 
liberty  to  move  lengthwise  as  well  as  to  rotate,  receives  its  rotary  motion 
from  the  lower  one,  through  the  springs,  and  communicates  any  lateral 
motiou  due  to  the  varying  centrifugal  force  immediately  to  the  balanced 
valve,  to  w hich  the  governor  is  firmly  secured  by  the  brackets,  a part  of 
which  forms  a long  bearing  for  the  horizontal  spindle,  which  conmniniciites 
motion  from  the  power  to  the  governor  through  the  miter-gearing.  Tlie 
object  of  this  latter  iiiventiou  is  to  obtain  the  requisite  centripetal  force 
without  making  the  springs  too  heavy.  It  consists  in  the  peculiar  con- 
struction of  the  spriug  ami  iu  the  shape  of  the  curve  given  it  by  tin.* 
manner  in  which  the  ends  and  middle  portion  are  secured,  keeping  those 
parts  at  all  times  parallel  with  the  center  of  motion.  By’  this  arrange- 
meut  steel  can  be  used  so  thin  that  all  liability  to  break,  or  tendency 
to  ‘‘set”  or  lose  its  elasticity',  is  avoided.  The  curve  obtained  0} 
this  arrangemeut  is  a double  eyina.  Two  or  more  strips  thus  bent,  ^'hen 
firmly  secured  together  at  their  euds,  will  work  freely  w’ithout  any  teudeoc} 
to  “ buckle’  or  interfere  with  each  other.  The  wdiole  arraiigeuient  of  this 
engine  was  very  neat.  It  drove  the  w’ork  attached  to  it  very  steadilyi 
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ind  attracted  considerable  attention.  A distinctive  feature  of  this  en- 
;:ine  was  the  method  of  transmitting  power  from  it  to  tlie  shafting.  To 
■ender  the  engine  compact,  the  fly-wheel  was  made  very  narrow,  and, 
nstead  of  being  made  to  carry  an  ordinary  flat  belt,  it  had  a V-shaped 
groove,  receiving  an  angular  belt,  made  by  Mr.  Charles  Underhill,  of 
Colland,  Conn.  This  driving-band,  of  wliich  a short  length  is  shown  in 
he  engraving,  is  made  of  leather,  and  is  of  v-section,  the  inner  or  thin 
jdge  being  notched,  as  shown,  the  layers  of  leather  on  the  broad  side 
)f  the  V only  being  continuous. 

The  belt  is  thus  made  perfectly  flexible.  This  driving-belt  may,  per- 
laps,  be  better  described  as  a narrow  belt  having  fixed  to  its  inner  side 
b number  of  teeth  biiilt  up  of  thicknesses  of  leather,  and  of  V-shaped 
;ross-section.  The  pulley  on  the  shafting  was  grooved  like  the  fly-wheel , 
bnd  the  belt,  being  griped  by  the  grooves,  was  run  very  slack  without 
ilipping.  The  strain  on  shafting  and  bearings  was  thus  reduced  to  a 
^ery  important  extent.  This  band  could  be  lengthened  or  shortened 
-s  readily  as  an  ordinary  belt.  This  arrangement  of  driving-gear  is  one 
v'hich  may  probably  often  do  good  service. 

44.  A three-cylinder  engine,  exhibited  by  Messrs.  Brotiiehood  & 
Iardingham,  of  London,  attracted  some  attention  from  engineers.  In 
tiis  engine  the  cylinders  are  single-acting,  and  arranged  with  their  axes 
laking  angles  with  each  other  of  120^.  The  pistons  are  coupled  to  a 
ingle  crank.  The  large  fly-wheel  commonly  used  is  dispensed  with, 
nd  the  crank  and  the  connecting-rods  are  completely  hidden  by  the 
asing  of  the  engine  in  a manner  quite  similar  to  that  adopted  with  the 
^eam-engine  well  known  in  this  country  as  Hickses  four-cylinder  engine, 
he  cylinders  and  the  central  casing  containing  the  crank  and  connec- 
ons  are  cast  in  one  piece.  The  shaft  passes  out  at  each  end  through 
annets,  which  are  carefully  fitted  and  bolted  in  place. 

The  regulator  is  attached  to  one  end  of  the  shaft,  its  spindle  being 
)rizontal.  It  thus  makes  the  same  number  of  revolutions  as  the  crank- 
laft.  This  is  sometimes  three  hundred  revolutions  per  minute,  and  it 
IS  been  stated  that  the  unloaded  engine  has  been  driven  nearly  two 
ousand  revolutions  per  minute  without  a serious  jar.  The  valve  is  a 
volviug  valv^e  somewhat  similar  to  those  which  have  been  long  in  use 
I the  freight-steamers  of  the  Neptune  Line,  plying  between  New  York 
d Providence.  Its  axis  is  coincident  with  that  of  the  crank-shaft,  and 
is  turned  by  a prolongation  of  the  crank-pin. 

The  central  chamber  is  the  steam-chest,  and  the  pistons  thus  always 
.ve  steam -pressure  on  their  “forward”  faces.  The  valve  permits 
3ain  to  pass  to  the  rear  of  the  pistons  successively,  thus  disturbing 
e existing  equilibrium  and  producing  rotation.  One  of  the  most 
:eresting  points  noted  in  this  engine  was  the  fact  that  the  builders 
ve  apparently  succeeded  in  securing  a satisfactorily  working  crauk- 
a without  especial  provision  for  lubrication.  They  state  that  they  had 
' first  great  difficulty  in  keeping  the  pin  in  working  order.  The  hot 
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steam  washed  out  tlie  lubricant  so  <juickly  that  it  required  eoUvStant 
attention  and  compelled  the  use  of  large  quantities  of  the  unguent. 

They  now  fit  the  crank-pin  with  “brasses”  of  some  special  grade  of 
phosphor  bronze,  and  state  that  the  steam  itself  has  proven  a SHlfieient 
and  perfectly  satisfactory  lubricant,  and  that  they  now  use  no  other. 

45.  The  steam-engine  of  Friedrich  Siemens,  of  Dresden,  Saxony, 
was  exhibited  in  machinery  hall,  and  attracted  attention  rather  because 
of  its  novelty  than  as  promising  to  become  practically  useful.  In  this 
machine  there  were  no  valves,  piston,  or  moving  parts.  The  steam- 
boiler  itself  revolv^es,  and  from  it  power  is  transmitted  to  the  niachinery 
to  be  driven.  It  consists  of  a steam-boiler  of  approximately  cylindrical 
form,  carried  on  an  inclined  axis  about  which  it  rotates.  Inside  this 
boiler  is  a worm  or  screw  composed  of  sheet- metal,  and  having  such  form 
that  each  portion  of  the  screw  having  a length  equal  to  its  pitch,  closely 
resembles  a funnel  which  has  been  slit  down  one  side  and  slightly  sep- 
arated to  unite  with  others  above  and  below  it. 

The  lower  portion  of  the  boiler  has  a double  bottom,  and  the  upper  is 
surrounded  by  a spiral  of  gas-pipe,  having  a direction  the  reverse  of  the 
funnel -like  spiral  below. 

W^ater  is  i)laced  in  the  lower  portion  of  the  boiler  and  in  the  space 
between  it  and  the  external  jacket,  a comniunicatioii  being  eatablished 
between  them  by  ineaiis  of  small  boles. 

Surrounding  the  whole  lower  j)ortiun  of  the  apimratiia  is  a jacket  o( 
non-conducting  material,  and  between  it  and  the  boiler  is  a space  throu],'!) 
which  circulate  the  gases  from  the  furnace,  or,  in  this  case,  from  the  gas- 
burner  by  which  it  is  heated,  pa.s.sing  off  by  a small  chimney  at  its  upper 
end. 

A fusible  plug  at  the  top  insiire.s  safety  against  injury  by  overheating. 

The  motion  of  the  boiler,  when  rev'olving,  is  transmitted  to  the  shaft- 
iug  by  means  of  a neat  device  of  recent  introduction,  a spiral  coilofsted 
ribbon,  which  makes  an  excellent  universal  joint. 

The  heat  being  applied,  steam  is  formed,  which  rises  through  the 
water,  impinging  on  the  immersed  fiiunel  like  spirals,  producing  a tea 
dency  to  rotation.  Above  the  water  it  enters  the  helix  of  gas-pi i>c,amli 
condensing,  flows  back  into  the  boiler,  its  reaction  causing  further clTort 
to  rotate  the  boiler.  In  the  small  machine  exhibited  the  motion  w 
moderately  rapid  j but  it  evidently  has  little  power,  and  the  niachiuec»n 
hardly  be  considered  a motor.  It  is  interesting  as  a simple  and  in 
genionsly-devised  apparatus  and  as  suggesting  possibly  useful  applk'- 
tion  where  very  little  power  is  needed  and  wliere  its  entire  frecdoiu 
from  noise  and  from  the  incoiivenieticies  attending  all  ordinary  lucclwn' 
ism  are  important  desiderata. 

ilie  boiler  being  once  filled,  requires  no  further  attention,  as  there 
no  loss  of  the  liquid. 

46.  lil^suMfi. — Among  all  the  stationary  engines,  of  which  class  uearl.i 
a hundred  were  on  exhibition,  there  were  no  others  which  cal!  k'f 
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special  mentiou.  By  far  too  large  a imiiiber  were  of  a quality  wliicli 
should  not  be  imitated,  and  of  the  remainder  the  best  examples  were 
usually  copies  of  types  well  known  in  this  country,  and  often  they  were 
careful  imitations.  As  a rule,  attempts  at  improvement  resulted  in  pro- 
ducing the  reverse  eifect. 

It  will  be  seen  from  what  has  been  above  stated  that  the  principles 
governing  the  economical  use  of  steam  are  becoming  more  thoroughly 
studied  and  more  generally  recognized  by  European  constructors,  and 
that  they  are  learning  gradually  how  to  embody  those  principles  in 
their  practice. 

The  continental  manufacturers  generally  are  still  behind  their  British 
and  American  competitors,  but  by  imitation  of  good  standard  designs, 
and  by  the  importation  in  some  cases  of  British  mechanics,  they  are 
introducing  into  their  establishments  a knowledge  of  good  design  and 
of  good  workmanship,  which  promises  at  an  early  day  to  place  them 
fairly  by  the  side  of  the  Anglo-Saxon,  who  has  hitherto  always  exhibited 
decidedly  higher  constructive  power.  In  the  character  of  the  raw  ma- 
terial from  which  their  skilled  mechanic  is  produced,  the  advantage  is 
certainly  upon  the  side  of  the  latter. 

A peculiar  gratification  was  found  in  witnessing  the  progress  made 
by  Austria  in  this  direction.  Her  people  seem  to  have  more  of  the 
natural  constructive  talent  than  many  other  nations  of  Europe,  and  it 
only  requires  an  intelligent  and  systematical  training  to  secure  its  most 
satisfactory  development. 

The  progressive  and  enterprising  spirit  which  has  been  exhibited  in 
the  enterprise  which  brought  together  the  collections  of  the  Weltaus- 
stellung  certain  to  secure  complete  recompense  by  giving  this  talent 
an  opportunity  for  the  study  of  good  examples,  and  by  thus  securing  its 
most  effective  stimulus. 

47.  Reviewing  the  whole  field,  it  may  be  stated  that  the  practice  of 
the  best  constructors  of  first-class  stationary  engines  in  the  United 
States  is  still  in  adv^aiice  of  those  of  other  countries.  Foreign  builders 
are,  however,  rapidly  placing  themselves  beside  us  in  this  field.  In  some 
cases,  especially  in  that  of  Great  Britain,  the  same  conservnitive  but 
thorough-going  spirit  which  has  retarded  the  introduction  of  our 
designs  is  at  work  stimulating  builders  to  the  use  of  better  material 
and  of  more  perfect  workmanship  than  the  majority  of  our  people  are 
accustomed  to  adopt,  and  we  shall  soon  find  them  in  advance  of  us  in 
our  own  field,  should  our  steam-engine  builders^  generally  neglect  to 
look  as  carefully  to  the  quality  of  their  work  as  do  our  best-known 
firms  of  tool-makers. 

The  advance  in  this  direction  which  has  occurred  recently  in  the 
United  States  is,  however,  the  best  evidence  that  a market  can  be  found 
for  good  work,  and  that  our  mechanics  have  learned  that  they  may 
safely  do  such  work  and  that  they  purpose  doing  it. 
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VIENNA  INTERNATIONAL  EXHIBITION,  1873. 


Accompanying  is  a tabular  exhibit  of  the  number,  character,  and  di- 
mensions of  the  stationary  engines  exhibited  :* 

48.  A German  engineer,  T.  Kittershaus,  an  assistant  at  the  lioyal 
Gewerbe  Academies  at  Berlin,  in  his  report  published  since  these  remarks 
were  written,  makes  the  following  introductory  observations:  t 

In  scarcely  any  direction  does  the  machinery  hall  at  the  Vienna 
Gniversal  Exposition  olier  so  much  that  is  new  and  remarkable  as 
among  the  prime  movers,  especially  in  steam-engines  and  in  motors  for 
small  industries. 

“Principally  with  reference  to  stationary  engines,  a complete  change 
of  the  principles  of  construction  is  to  be  noted,  and  we  owe  this  maitily  to 
the  influence  of  the  American  Corliss. 

“Formerly,  the  regulator  generally  acted  upon  a throttle- valve,  so 
that  the  tension  of  the  steam  was  decreased  by  the  diminution  of  space 
in  the  pipe,  and  the  consequent  increase  of  resistance  before  entering 
the  valve-chest,  and  only  a few  systems  (Farcot,  Myer,  and  Dingier) 
allowed  the  regulator  to  act  upon  the  valve-gearing  itself,  varying  the 
expansion.  Since  the  introduction  of  the  Corliss  engine,  especially 
since  the  last  Paris  Exposition,  when  it  attracted  general  attention,  this 
has  been  changed  so  completely  that  to-day  regulation  by  means  of  the 
throttle-valve,  at  least  for  machines  of  any  importance,  may  be  con- 
sidered as  a thing  of  the  past. 

“But  not  only  does  the  valve-gearing  of  modern  steam-engines  indi- 
cate the  inlluence  of  the  Corliss  engine,  but  also  its  external  form  and 
arrangement  have  become  typical. 

“Steam-engines,  at  present,  are  principally  horizontal,  and  in  the 
greater  number  of  cases  coudensing-eugines.  But,  instead  of  the  bed- 
plate which  was  formerly  in  such  favor,  we  meet  almost  everywhere 
that  American  frame  with  its  solid  cast  brace  which  has  been  adopted 
by  Corliss,  and  which  is  constructed  so  as  to  resist  in  the  best  manner 
possible  all  tensile  and  compressive  strains  between  the  cylinder  and 
the  foundation  of  the  liy-wlieel. 

“AVith  reference  to  the  valve-gearing,  i>ractice  is  not  so  uniform.  All 
important  engines  have  expansion-gearing,  adjusted  by  the  regulator, 
but,  with  regard  to  the  manner  in  which  they  are  so  adjusted,  their  con- 
struction varies  considerably.  Nevertheless,  they^  can  all  be  classified 
in  five  main  groups. 

“The  first  of  these  five  groups  closely  resembles  the  Corliss  engine. 
The  ideas  underlying  the  essential  parts  ai-e  common  to  both,  such  as, 
for  example,  opening  the  parts  by  the  engine,  closing  them,  after  disen- 
gagement by  the  regulator,  with  the  assistance  of  an  exterior  force, 
which  has  been  generated  in  an  auxiliary  agent  (such  as  a weight,  a 
spring,  the  tension  of  steam)  during  the  opening ; furthermore,  the 

” London  Engineering,  October  17,  187,3. 

\ Anitlicher  Bcricht  iiher  die  mener  WeU-Atisstelliuuj  im  Jahre  1873;  Hand  11 
Motoren,  etc.  T.  Rittershaua. 


47.  TABLE  GIVING  PRINCIPAL  DIMENSIONS  OF  AMERICAN,  ENGLISH,  FRENCH,  BELGIAN,  SWLSS,  AND  GERMAN  STATIONARY  ENGINES  AT  THE  VIENNA  EXHIBITION. 
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Maker's  name  ami  countrv. 


AMKRlCA. 

Norwalk  IronAVorks 

Pickering  & Davis 

New  York  Safety  Steam-I’ower  Co  ... 
do 1 


Locality  of  factory. 


South  Norwalk.  Conn 
Portland.  Conn 


New  York 

di> 


Typo. 


GKE.VT  Burr.\.ix. 

5Y.  and  J.  Gallowav  & Sons 


Reading  Iron AVorksConipany, (limit,  dl 
do 


.Manchester 


J.  Derham  , 
do 


Tangye  Brotlmr.s  &.  Iloliuan... 
Clayton  & Shuttleworth 

Marshall  .S.ms  &.  Co., (limited) 

Charles  Powi.s  &;  Co 

1).  New  & Co 

Robey  & Co.,  (iiinited) 


Ruston  &.  I’roctor  

E.  and  F.  Tin  ner 

Brotherhood  <fc.  nardingham 
FKAXCE. 

Fivp!-'-’,ille  Cie.  de 

Schneider  et  Cie 

ISEI-GIIM. 

Bede  et  Cie.,  (Sm  '^tO  Houget  Teston) . Verviers 

SWriZEKLAXn. 


Reading 

do 


Blaekhurii . 
do 


London 

Lincoln 


Gain.sborough  . . . 
London  


Nottinahaiu 

do 

Lincoln 


do  . 

Ipswich 
London . 


Fives- Lille.. 


Horizontal  direct-acting 

Horizontal  direct-acting  double  cylin- 
dei-rods. 

Vertical  inveited 

do 


No.. 

No.. 

No-.i 

No. 


Horizontal  direct-acting compiund,...}  Yes  14  in.  & 24  in. 

Yes 


Horiz  lutal  direct-acting 
do 


.do 

• do  . ... 


.do 

.do 


. ...  do  

Horizontal  direct  acting  double  c\ Un- 
der. 

Horizontal  direct-acting 

Vertical 

Horizontal  direct-acting 


. do 

do 

.|  Patent  three-cyliudered  engine. .. 


No. 

Yes 

No. 

No. 

No. 

No. 

No. 

No. 

No. 


Horizontal  double-acting  


Creuzot Vertical  inverted  coin))ound .' 


1 1 or  izon  tal  direc  t-ac:iug 


Gebriider  Sulzer 

do  

E.^'her  und  Wy-ss 

Soein  und  MNck  

Scbellcr  und  Berchtold 


Winterthur 

do 

Zurich  

Ba.sel 

Thalweil.  Zurich 


do 

I do 

i do 

do 

do 


GERMAN  E.MPtKE. 

Sachische  Ma^chinen  Fahrik  zu  Chem-  Chemnitz 
nitz.  vor.  Ricliard  Hartinami. 

Ma.schiiien  Fahrik  Aug.shurg ; 

Giatlieh  Stollierg  Weruigerodische  I 
Faktorei.  ! 

C.  Reinecke 

C Gbrlirzer  Ma.ochiueiihau  Anstalt  und 
) Eisengiesserei  Actieii-Gesellschaft.  j 
Actieii  Geselhschafc  der  Holler'schen  , 
Carlshiitte. 

Gebriider  Decker  


No. 

Yes 

Yes 


No 

No 


Aug.shnrg 

llseuburg,  Harz 


I 

do .J. 1 No. . 

do I j Yes 

do f. Yes 


I Gdrlitz  

Carlsliiitte.  nr. 
burg. 

Canstatt 


der. 


Siicli<i8cbe  D.ampfscliitfs  und  Masch- 
inenliatt  .Anstalt. 

Berliner  Union  Actie.n  GeselDcliaft 
Itir  Eisengiesserei. &c.,'vor.'Welier8.) 

E'lglerth  und  Ciiiizer 

Msscliinenbaii  Verein  zu  Chemnitz  . . . 
(.Tiemiiitzer  Ma.scbioeubau  Gesell- 
sebaft,  (vornials  Miinnicb.) 

Dingler'sche  Maschiuen  Faltrik. 

Deutsch-Engliscb  Company 


Dresden do 

Berlin ■ do 

1 

....  Esebweiler  Ane | do  

Cliciunitz I do.. 


Adler  und  Panovsky 

Hermann  Ulbricht 


.do 

Zweibriicken  .. 
Hanover 


I do 


Paulsliiitte.  Sorau 

Chemnitz 


Horizontal  direct-acting  CO  inpound  .. 

Horizontal  direct-acting  d-  luble  cylin- 
der. 

Horizontal  direct-acting  ..  

do 


CYLIMiEKS. 

1 

= . 

- H I 

Whether  steam  passes 

1 

* = i 

lliroiigh  jacket  on  j 

1 

* ^ 

its  way  to  valves,  or 
wliether  there  i.s  a ! 

Valves. 

Diameter. 

Stroke. 

seiiarate  valve  for  i 

' 

= I 

thejneket.  1 

1 

1 

1 

I 

) 

1 Inches. 

Ft.  in. 

1 

1 

i 

P 

) 

o 

0 

No..i. 

Piston-valve | (. 

6 

1 

0 

No  1 



Slide;  no  exiiansion-valve 

1 7 

0 

9 

No. . 

Piston-valve  

1 

4 

0 

6 

No.. 



Slide;  no  expansion-valve  

14  ill.  & 24  ill. 

n 

6 

No.. 



Slides;  separate  induction  and  f 

i 

' 

eduction  for  low-pressure  oyliu-  j 

der  1 

1 

7 

2 

6 

Y'ei 

Separate  valve i 

Ordinary.. ( 

1 10 

1 

o 

Tea 

do  1 

do . 

16 

3 

0 

Yes  . 

.Slide  chest  comniiiiii-  ! 

Double  slides  and  short  ports ; or- 

cates  with  jacket.  1 

diuarv  expausioii  on  back. 

18 

3 

0 

Yes. ' 

do j 

Cross  gridiron  expansion-slides  ..  ( 

i 12 

2 

0 

Yes  ' 

do  

Ordiiiaiv 

' 13 

1 

6 

Yes 

Separate  valve 

Ordinary  exiiansion-valres  not  ad- 

' 

jiistable  while  niiiniiig. 

103 

1 

o 

Yes  ■ 

Direct | 



104 

1 

6 

Yes 

Slide  chest  comiiiniii-  ' 

Ordinary  in  variable  expansion. . . 

1 

cates  with  jacket.  i 

• 1 1 

o 

1 

6 

No.., 

.....  ................. 

Onlihary 

.1 

H 

0 

1 

11 

O 

No 

NO..I 



Ordinary:  no  ex])aiisioii-valvc  . . 
do 

6 

9 

1 

0 

0 

0 

10 

8 

Yes 

Yes 

No.., 

1 

Single  slide  onlv ■ 

• 1 

i 

Rotary  slide-valve 

711 TW. 
35P 

in. 

77»  »1, 

in. 

• 

n 7* 

700 

No.., 

Ordinary 

1 ( -250 

U 400  1 

o!  84  ( 

( Between  the  two  ? 

* 

15.  75  > 

uUU  j 

le.s 

i cylinders.  5 

1 450 

17.71 

1000 

39.  37 

Yes 

Valve-chest  cnniunini- 

Corliss  

cates  with  jacket. 

17.72 

41.37 

Yes 

„ . . - iUi 

Eqailibrium  doiilde  heat 

.1  200  1 

7.87 

500  1 

19.68 

Y'es 

do 

Rider’s  (semi-cylindrical)  expail- 

sion-valve  ou  back  of  slide. 

. j 700 

27.  55 

1350  ! 

x53. 15 

Yes 

Separate  valves  

; Corliss 

' 330 

1‘2.  90 

7.50 

29.  52 

Yes 

do 

1 • . . . • do  .......  - 

1 300 

11.8 

600 

23.  62 

Yes 

do 

; Disks,  (Berelitold’s  patent) 

1 

• i 680 

26.  77 

1300 

51. 18 

Yes 

Jacket  comiiinnlcates 

I with  valve-chest. 

.....  do 

Corli;^ A • 

5 1 345  , 

1 1 400 

13.  58 
15.  74 

740 

800 

29. 13 
31.  49 

Yp8 

No.. 

17.0 

33.0 

Vn 

! 

^ • . . . • 

12. 20  \ 

] 800 

31.  49 

No.. 

\ 

Ordinary 

* 1 j 580 

22.  83  S 

do 

..|  460 

18.  11 

840 

33.  07 

i No.. 

i 

s i 400 

15.  74 

800 

31.  49 

Yes 

Separate  valve 

Kraosse’s  expansion  - valve  mi 
' back  of  slide. 

■ 600 

710 

23.  62 

■ 27. 95 

Vn 

' Improved  Forcot's  expansion- valve 

Ordinary 

. , 1 oUCf 

..|  370 

14.  57 

1 

1 

Jacket  couinuinicates 

' 

with  valve-che.st. 

do 

24  81 

31.5 

No. 

. 

i 354 

13.93 

' 732 

1 28. 81 

i No. 



. Ordinary;  no  expansion-valve  ... 

. . j 470 

18.5 

850 

; 33. 46 

1 No. 

. ' Ordinary 

' 

1 ( Jacket,  high  - pres.s-1 

1 

( 125 

1 250 

4.92? 
i 9.  84  j 

500 

19.  68 

i Yes 

) lire  cylinder  only,  1 
] comiu’eates  with  | 

j Conical  revolving 

[ valve-chest.  J 

.1  Ordinary;  no  expansion-valve  ... 

1 

K.! 

9.0 



14.0 

; No. 

1 

1 

, 11.22 

1 11.22 

22.4 
22.  4 

i \rrt 

. Ordiuarv 

i.J 

)..  



i No. 

1 

Valve-gear. 


....do 

..do f 

. . do 


connection  to  govern  eccentric 
tor  low-pressure  slides. 


Whetlier  ex- 
pansion is  con- 
trolled hy  gov- 
ernor. 


1 


do 

do I No 


No  ... 
No  ... 

No.'..... 
No 


I cylindervalve 
I only. 

I No ......  — — I 

I No 


siuir-eeanng. 

tnlinarv 

...do'. 

do 

do 


No 

No 

No 

No 


. do  . . 
. do  . . 

..do 


Yes.  .. 
No  .... 
No  .... 


Icrentric.  shifted  hy  Hartnell  and  ' Yes 
Guthrie’s  governor. 

June I Xo 


.do 


No. 
.I  No. 


Bede  and  Farcot's  patent . 


Siilzer's  jiateut 

Ordinary 

S|»encer  and  liiglis’s... 

-do  

Beichtohl's  patent  . ..  . 


Yes 


Y"es 

Yes 

Yes 

Yes  

Yes 


Eccentriesnu  acounter.shaft.some-  Yes  

what  resembling  Sulzer  gear. 

Sulzer I Ves 

Corliss I Aes 


do 

Ordinary 

do 


j Yes 

I ( H.  P.c.vlit 
!)  valve  only. 
No 


do 

do 


I 


Yes 

Yes 


• • 

1 

is  , 

E * ~ 

■“  1 

! 

^ 1 

r.  -• 

« i =1 

— 

“ .*  ^ 

1 

Raocre  of  ex*  | 

g 

X C > , 

T 1, 

t = 

paiitiioii.  1 

1 

^ 5 ' 

= ' 

Y 

= “ ' 

1 

^ s s c 

> 

X “ 

1 

C 1 

i 

f.6  ' 

1 

.G  i 

75 

1 

100  i 

400  1 

luvaria-  | . 75  ' 

. 75 

75 

1.50  ; 

300  1 . 

ble  cut-  -J  1 

off.  ! . 75  ! 

.75 

7.5 

160  , 

240  ' ,. 

1.75  i 

1 

. 75  1 

75 

200  ] 

1 

200  1.. 

.2  to  .5  ’1 

0.3  ' 

60 

1 

1 

60  1 

1 

300  ' 

1 . 07  to  . 66 

60 

70  i 

350  ; 

1 . 44  to  . 64 

.33  ' 

50 

100  1 

233 

1 .1  to  .4 

1 

.3  ; 

75  1 

55  1 

330  ' 

1 .0  to  .7 

.4 

75 

1 

55 

330 

i . 1 to  . 9 

1 

.2.5 

50  1 

60  I 

240  1 

.05  tol.O 

.25 

60 

85 

255  i 

! .25  to  .625 

.25 

60  ' 

110  ' 

256  [. 

1 

. 5 

50 

90  1 

270  ! 

.23 

• .50 

i 

. - , . . 

ro  , 

1 

.'  .0  to  .625 

.3 

.3 

.50 

60  i 

1*2.5  j 

120 

291  t 

240 

j . 0 to  . 625 

.3 

60 

270 

4.50 

60 

225 

300  i 

1 

. .1  to  .5 

.3 

75 

50 

230 

.1  .1  to  .3 

i * 

0.5 

1 15 

i 

60 

236 

1.0  to  . 75 

\ 

1 .25 

1 

1 CO 

43 

295 

1 

1.0  to  . 7 

. 15 

50 

1 

, 344  ^ 

j . 0 to  . 7 

. 15 

75 

85 

1 278  ; 

1 . 0 to  . 75 

. 15 

75 

i 35* 

1 310  j 

.G  to  .75 

.125 

70 

65 

i 256  j 

1 

. .0  to  .4 

. 15 

( 75  to  105 

(i5 

..  .0  to  .8 

.25 

75 

1 38 

! 1 
■ 324, 

1 . 1 to  . 75 

.2 

90 

62 

300 

!.I  .1  to  .3 

.3 

60 

50 

262 

..  .0  to  .7o 

. 15 

60 

45 

247 

''  1 1 .1  to  . 9 

1 

.1*25 

75 

60 

314 

. . 1 . 125  to  . 87 

5 .33 

J 60 

45 

247 

i 

..  .05  to  .10 

. 16 

' 80 

54 

i 283 

1 

.0  tol.O 

.33 

60 

52 

204 

, Governor. 


300  ' Weighted  with  a disk 


1 

AIRPIMI*. 

. c « 

fc.’  1 c,  ^ * 

® , 

= i i = = 

.5  ^ «-  -E  .s 

£ 

Remarks 

' 1 

1 Inches.  Inc  es. 

j None. 

None.. 

■ Ni>iie..i - 

None. . 

1 -."ue.-i 

1 ><oue.  -1 

None.. 

1 

8 1 30  Double.. 

^ None. . 

Cr.aiiks  at  180  degrees. 

54  30 

I None.., 


Double.. 


.1  None. 


36 


Double . 


. ; None..' 

.i  Noue..i 

,1  None.. 


None. 

None. 

Yes  .. 

Yes  . . 

None. 
Yes  .. 

Yes  .. 

None. 


.do' 

aVtnlic — 

Hartnell  and  Guthrie 
Ou  crank-shaft 


Ordinary 

Schneider’s  patent 


Pi'oell. 


do 


. . do  

..do 


No 

No 

No 


0 to  . 75 

1 to  . 75 
125  to  . 875 


Eccentrics  and  patent  gear  for 
govei'iior  control. 

Ordinary  

Link-motion 

Ordinary 

, . X.  . 1 f.  1 i High -press- 

^ Yalve.s  driven  tfom  crank-sliatt  ( ' m-p  cylindor  ' > -05  to  .6 
> by  screw-wheels.  V ) yalvesonly.  ) 

Ordinary | 

do i 

do 


No... 

No... 


12510  .1 
0 to  . I 


0. 125 
.3 
.25 

. 125 


.3 

.25 


75 

75 

75 

60 

1 50 

60 

75 

75 


do 


55  ; 256  i Werner. 


50  I 
44  ' 
40 

115 

110 

60 

60 


•262  ' None 

211  I None 

223  I Porter 

I 

377  ] do  . . . 

255  j do  .. 

224  ' Ordinary. 

224  1 do  .. 


None.., 

None.., 

None..! 

1 

None.. 

' None.. 

1 None.. 

None.. 

None.., 

None..' 

None.. 

r 

None-. 

j None.. 

' None.. 

8.  85 

39.37  ^ 

1 

Double...  None.., 

! i 

7.  09 

41.37  ! 

t 

Double..'  None.. 

None.. 

: 

1 None.. 

None.. 

i 

[ None.. 

None.. 

j ^ 

1 None.. 

6. 29 

11.8  • 

Double.. ; None.. 

. 

. 

■ None.. 

j None.. 



j.;".".!! 

Double . . ! 



1 

i None.. 

6.69 

31.  49 

Double.. j Ves  ... 

None. 

1 

1 Yes  ... 

6.29 

! 31.49 

Double. . . None. . 

1 None. 

. None. 



i 

j Xone . 

. None. 

,1 

1 None. 

.1  None. 

-! 

’ 1 None. 

t 1 

i 1 

. 1 4.  9*2  7. 06 

Double..;  Yes . . 

' ( 

. None 

1 

*1 

1 j None. 

None 

j 1 None. 

. None 

i None. 

j i 

■'  AVith  other  smaller  engines  by  same  firm  in  ag- 
! ricultural  ball ; net  at  work.  . > « 
Air-pump  and  condenser  not  attached  foi  uant 

! of  room. 


In  agricultural  hall ; not  at  work. 

In  agricultural  hall i;  not  at  work,  and  also  a 
couihined  engine. 

Da<”another  smaller  vertical ; neither  at  work, 
in  agricultural  hall,  and  also  a c.mibmed  en- 
gine; neitlier  at  work. 

Vaughan  and  Stuhb’s  ejector  on  jacket;  also  a 

cotuhined  engine  : neitlier  at  work. 

No  heil-plaie  wrought-iroii  side-frames,  &c.;  not 

Specialhradapted  for  high  speeds;  oue  also  at 
work  'driving  a " helical  " pump. 


Not  at  work. 


Air-pump  and  condenser  can  be  fitted  to  this 
engine,  and  a similar  smaller  one  at  option. 
Not  at  work. 

Not  at  work. 


! Ill  pavilion  with  German  Ice-iiiachines  &c^ 

' C Both  cylinders  connected  to  one  ci  ank  , not  at 

i The  feed-heater  is  not  attached  permanently  to 

! Can^wwk  at  any  pressure  not  exceeding  150 
pounds  per  sqiiarti  inch ; not  in  motion. 

; Also  combined  engine ; neither  at  work. 

I 

Not  at  work. 

Not  at  work  ; for  rolling-mill 
Not  at  work  ; for  rolliu"  mill 
In  eastern  agricultural  hall ; not  at  woik. 

f Cranks  at  180°.  The  valves  and  gear  are  on 
•;  \ Elirhardfs  system. 

AAHth  another  engine  hy  same  makers  in  eastern 
agricuUnral  hall ; not  at  work. 

.1  Not  at  work.  - 

.1  Not  at  work. 


Note — “Ordinary,"  in  the  co  lumn  headed  “ Valves,''  is  to  be  understood  to  mean 


slide-valves  with  expansion  valves  ou  back,  variable  while  the  engine  is  running,  unless  the  contrary  be  stated.  All  the  engines  described 


I this 


table  are  in  motion,  except  those  marked  “ Not  at  work." 
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separation  of  the  parts  in  order  to  diminish  the  dead-space  and  to  pre- 
vent the  loss  of  heat  by  alternate  contact  of  the  same  surface  with  fresh 
and  waste  steam  ; and  finally,  the  separate  valve-gearing  for  the  entering 
and  the  exhaust  steam. 

“ I would  like  to  class  this  whole  group  under  the  name  of  ‘ Corliss 
engines,’  although  some  of  them,  such  as  the  Sulzer  engine,  the  engine 
built  by  Scheller  &.  Berchtold,  &c.,  differ  from  it  in  construction,  not 
only  with  reference  to  the  external,  but  also  with  reference  to  the  inter- 
nal valve-gearing.  Some  of  them  have  already  attained  a considerable 
celebrity. 

“A  second  group  is  based  upon  the  older Farcot valve-gearing,  which 
is,  howev'er,  considerably  changed,  on  account  of  the  greater  expansion 
and  its  variation  between  wider  limits. 

^‘The  third  group  has  adopted  Meyer’s  valve-gearing,  this  being  made 
to  depend  upon  the  regulator  in  various  ways. 

“ Still  another  large  group  is  formed  by  those  engines  in  which  the  reg- 
ulator varies  the  eccentricity,  or  the  lead,  of  the  expansion-gearing 
eccentric,  or  both  at  the  same  time. 

‘‘As  belonging  to  this  group,  I also  consider  those  engines  in  which  the 
length  of  the  stroke  of  the  valve  is  varied  by  changing  the  point  of  ap- 
plication at  the  valve-rod  by  means  of  a connecting-link,  instead  of 
varying  the  eccentricity. 

“The  fifth  and  last  group,  finally,  is  formed  by  two  engines  with  a 
peculiar  stop  cock  valve-gearing,  in  which  the  expansion  is  varied  by  a 
special  expansion-valve,  i.  e.,  by  a second  cock  whose  position  with 
reference  to  the  valve  depends  upon  the  regulator.” 


CHAPTER  II. 


MARINE  STEAM-ENGINES. 

Character  of  exhibits;  Historical  sketch  of  marine-engine  practice;  In- 
crease OF  STE.VM-PIIKSSUUE ; SURFACE-CONDENSATION  j RECENT  CHANGES;  CON- 
DITIONS OF  MAXIMUM  EFFECTIVE  EXPANSION  ; CAUSES  OF  THE  SUCCESS  OF  TFIE 
DOUBLE*CVLINDER  ENGINE  ; COMPOUND  MARINE  ENGINE  OF  BURMEISTEK  & WaIN  ; 

Steamers  of  the  Donau  Dampfsciiiffaiirt  Gehellschaft  ; Principles  of 

ECONOMY  OF  PROPULSION  BY  PADDLE-WHEELS  AND  CHAIN-TOWAGE:  ENGINES 

OF  THE  Donau  Gesellschaft,  OF  the  Stabilimento  Technico  Triestino;  Her 
Britannic  Majesty’s  iron-clads  Minotaur  and  Bellerophon;  Oscill.ating 

ENGINES  OF  THE  SoClIyffe  JOIIN  COCKERILL ; THE  FEATHERING  PADDLE-WHEEL; 

The  American  STB.iM-KNGiNE;  The  Motala  Works;  Swedish  twin-screw  ves- 
8Ei«s;  Motala  passenger-steamer. 

49.  Character  of  exhibits.— TIig  oxhibitioii  of  marine  engines 
was  not  remarkable,  either  for  tlie  iiumbor  of  exhibits  or  for  the  variety 
and  novelty  of  designs,  although  it  was  probably  quite  as  good  as 
should  be  expected  under  the  circumstances.  But  little  is  to  be  gained 
by  the  study  of  this  class  of  exhibits  at  Vienna,  either  in  respect  to  the 
direction  of  ])rogress  in  design  or  in  respect  to  the  character  of  material 
and  of  workmanship  to  be  observed. 

The  collection  is,  however,  interesting  as  exhibiting  illustrations  of 
every  stage  of  the  progress  of  the  modern  revolution  which  has  brought 
the  ‘^compound”  engine  into  general  use  as  a marine  engine. 

50.  History  of  marine-engine  practice.— Nearly  three-quarters 
of  a century  ago  this  form  of  engine  was  l)rouglit  into  the  market  as  a 
rival  of  the  Watt  engine,  the  use  of  which  was  then  rapidly  extending, 
driving  froiu  the  field  the  ruder  machines  of  Newcomen  and  Beighton. 
The  time  for  the  success  of  the  former  had  not,  however,  then  arrived. 
The  principles  already  stated  as  the  practical  bases  of  the  economical 
success  of  the  steam-eiigiue  were  not  then  recognized  or  understood. 
Steam  was  generally  carried  at  very  nearly  atmospheric  pressure ; 
piston-speed  was  extremely  low,  and  the  benefit  of  the  steam-jacket 
was  then,  and  long  after,  a subject  of  dispute. 

The  double-cjdinder  engine,  therefore,  failed  entirely  to  compete  with 
the  single-cylinder,  and,  although  occasional  attempts  were  made  to 
bring  it  up  again,  it  has  only  within  a comparatively  short  space  of 
. time  succeeded  iu  holding  its  own  by  fair  competition  with  the  other 
style. 

As  steam-pressures  have  risen  and  piston-speeds  have  become  greater, 
the  range  of  economical  expansion  has  increased  at  sea,  as  on  land,  and, 
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with  the  demand  for  the  maximum  economy  of  fuel  obtainable,  has 
risen  the  necessity  of  substituting  the  compound  engine  with  its  divided 
expansion  for  the  single  cylinder  engine  with  its  irregular  strains. 

The  advantage  of  introducing  double  engines  at  sea  is  considerably 
greater  than  on  land. 

The  coal  carried  by  a steam-vessel  is  not  only  an  item  of  great  im- 
l)ortance  in  consequence  of  its  first  cost,  but,  displacing  its  weight  or 
bulk  of  freight  which  might  otherwise  be  carried,  it  represents  so  much 
non-paying  cargo,  and  is  to  be  charged  with  the  full  cost  of  transporta- 
tion in  addition  to  first  cost.  The  best  of  steam-coal  is  therefore  usually 
chosen  for  steamers  making  long  voyages,  and  the  necessity  of  obtain- 
ing the  most  economical  engines  is  at  once  seen,  and  is  fully  appreciated 
by  steamship  proprietors. 

Again,  an  economy  of  one-fourth  of  a pound  per  horse-power  per  hour 
gives,  on  a large  transatlantic  steamer,  a saving  of  about  one  hundred 
tons  of  coal  for  a single  voyage.  To  this  saving  of  cost  is  to  be  added 
the  gain  in  wages  and  sustenance  of  the  labor  required  to  handle  that 
coal,  and  the  gain  by  one  hundred  tons  of  freight  carried  in  place  of  th® 
coal. 

The  progress  of  improvement  has  been  somewhat  slow  and  is  easily 
traced.  In  the  early  days  of  steam-navigation  many  types  of  single-cyl-* 
inder  steam-engines  were  tried,  and  even,  as  already  stated,  occasionally 
a compound  engine.  European  practice  gradually  settled  down  to  the 
adoption  of  the  “side-lever  engines  ” for  marine  purposes  on  sea-goiiig 
steamers.  In  America  the  overhead  “ beam-engine  ” came  into  almost 
universal  use  in  eastern  waters,  and  the  direct-acting  engine  as  univer- 
sally on  western  rivers.  The  latter  engine  has  nearly  always  been  made 
non-condensing.  Engined  for  sea- going  steamers  have  been  invariably 
condensing.  , . 

The  propelling-instrument  was  always,  until  very  recently,  the  paddle- 
wheel.  Watt  patented  a “ spiral  oar’^  in  1784,  and  Bernouilli  seems  to 
have  had  the  idea  a quarter  of  a century  earlier.  Col.  John  Stevens,  of  X 
Hoboken,  N.  J.,  built  a boat  and  steam-engine  with  a single  screw,  and 
a second  with  twin  screws,  and  worked  them  successfully  with  steam 
at  50  pounds’  pressure  from  a tubular  boiler,  in  the  years  1804  and  1805.* 

The  plans  of  these  vessels  were  matured  at  about  the  time  that  Fulton 
was  proposing  to  order  from  the  English  manufacturers  the  Boulton  & 
Watt  engine,  which  he  afterward  used  to  drive  the  Clermont. 

The  next  boat  of  Colonel  Stevens,  the  Phoenix,  was  completed  al-‘ 
most  simultaneously  with  Fulton’s  boat.  Paddle-wheels  were  used  in- 
stead of  the  screw,  because  the  size  of  the  boat  was  too  great  to  permit 
the  economical  use  of  screws  in  such  shallow  w'aters. 

The  use  of  the  paddle  became  universal,  and  it  remained  the  only 
propelling-instrument  used  for  very  many  years. 

51.  The  rude  workmanship  and  the  faulty  design  of  the  machinery  of 


*This  luachiuery  is  preserved  at  the  Stevens  Institute  of  Technology  at  Hoboken. 
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those  early  days  made  it  impossible  to  detect  faults  of  detail,  aud  pro- 
gress was  necessarily  extremely  alow.  With  gradual  improvement  in 
tools  aud  ill  methods  of  doing  work,  it  became  possible  to  control  higher 
steam  and  to  work  it  snccessfully  ; and  the  change  in  this  direction  has 
been  steadily  going  on  up  to  the  present  time  with  all  types  of  steam-  ' 
engine.  At-sea  this  rise  of  pressure  was  for  a considerable  time  re- 
tarded by  the  serious  dinicnlty  encountered  in  the  tendency  of  the  .sul- 
phate of  lime  to  deposit  in  the  boiler.  When  steam-pressure  had  risen 
to  25  pounds  per  square  inch,  it  was  found  that  no  amount  of  “ blowing 
out”  would  prevent  the  deposition  of  seriously  large  quantities  of  this 
salt,  while  at  the  lower  pressures  at  first  carried  at  sea  no  troublesome 
precipitation  occurred,  and  the  only  iirecaution  necessary  was  to  blow 
out  sufficient  brine  to  jirevent  the  precipitation  of  common  salt  from  a 
supersaturated  solution.  • 

52.  Surface- CONDENSATION. — Tlie  introduction  of  surface-condensa- 
tion was  promptly  attempted  as  the  remedy  for  this  evil,  but  for  many 
years  it  was  extremely  doubtful  whether  its  disadvantages  were  not  greater 
than  its  advantages.  It  was  fouiul  very  difficult  to  keep  the  condensers 
tight,  and  boilers  were  injured  by  some  singular  process  of  corrosion, 
evidently  due  to  the  presence  of  the  surface-condenser.  The  simple 
exjiedient  of  permitting  a very  thin  scale  to  form  in  the  boiler  was,  after 
a time,  hit  upon  as  a means  of  overcoming  this  difficulty,  and  thence- 
forward the  greatest  obstacle  to  the  general  introduction  was  the  con- 
servative disposition  found  among  those  who  had  charge  of  marine 
machinery,  which  conservatism  regarded  with  suspicion  every  innova- 
tion. Another  trouble  arose  from  the  difficulty  of  flnding  men  neither 
too  indolent  nor  too  ignorant  to  take  charge  of  the  new  condenser, 
which,  more  complicated  and  more  readily  disarranged  than  the  old, 
demanded  a higher  class  of  attendants. 

Once  introduced,  however,  the  surface-condenser  removed  the  obstacle 
to  further  elevation  of  steam-pressure,  and  the  rise  from  20  to  00  pounds' 
pressure  soon  occurred. 

The  writer  had  occasion  in  the  year  1867,  when  an  engineer-officer  in 
the  Navy,  to  investigate  the  causes  and  to  determine  how  to  prevent 
the  corrosion  frequently  attendant  upon  surface-condensation,  aud  a 
paper  embodying  his  conclusions  was  written  in  November  of  that  year 
for  the  Association  of  Assistant  Engineers  of  the  United  States  Navy  at 
the  Naval  Academy,  where  he  was  then  detailed  to  duty  as  an  acting 
assistant  professor  of  natural  and  experimental  jihilosophy. 

This  action  is  ascribed  by  some  engineers  to  a galvanic  action  induced 
by  the  large  amount  of  copper  or  of  bronze  entering  into  the  construc- 
tion of  the  surface-condenser ; by  others, dt  is  supposed  to  be  due  to  the 
action  of  impurities  retained  in  the  feed-water  j still  others  consider  it 
the  effect  of  the  corrosive  action  of  certain  vegetable  acids  deri\red  from 
the  oils  or  tallow  used  in  lubrication,  and  some  refer  it  to  what  the  writer 
believes  at  least  one  cause — the  action  of  metals  transported  meebani- 
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cally  iu  suspension,  or  in  solution  as  a metallic  salt,  from  the  condenser 
to  the  boiler. 

Engineers  generally  admit  that  experiment  has  not  yet  satisfactorily 
answered  this  important  question,  and  often,  without  knowing  anything 
of  the  cause,  they  take  the  only  well-tested  method  of  preventing  the 
effect,  viz,  covering  interior  heating-surfaces  with  a coating  of  scale, 
and  seldom  make  an  investigation  of  the  phenomenon  with  a view  to 
the  determination  of  its  cause. 

Although  observation  and  experiment  have  not  pointed  with  certainty 
to  the  cause  of  this  “ pitting,”  as  it  is  generally  and  expressively  termed, 
a carefnl  consideration  of  known  facts  and  chemical  laws  may  enable 
us  to  frame  a theory  that  shall  at  least  possess  the  merit  of  accordance 
with  observed  facts  and  of  strong  probability. 

Cases  have  occurred,  and  instances  are  perhaps  known  to  every  engi- 
neer, in  which,  after  engines  and  boilers  had  been  working  a consider- 
able length  of  time  with  jet-condensers,  and  while  the  latter  were  still 
in  good  condition,  surface-condensers  were  introduced  and  a rapid  and 
ruinous  corrosion  of  the  boilers  immediately  ensued.  This  effect  could 
not  have  been  due  to  the  sifuple  change  within  the  boiler  from  salt- 
water to  fresh,  for  such  corrosion  is  not  observed  in  land-boilers  using 
good  water.  It  is  also  well  known  that  pure  water  is  less  active  in 
attacking  the  metals  than  water  containing  salts. 

It  is  extremely  improbable  that  such  rapid  corrosion  and  pitting 
could  be  due  to  a galvanic  action  in  a circuit  in  which  the  interior  of 

the  boiler  forms  one  pole  and  the  bronze  of  the  condenser  and  pumps 
forms  the  other. 

That  galvanic  action  may  take  place  to  some  extent  is  not  unlikely  j for 
the  cases  so  often  reported  in  which  the  iron  of  the  condenser  and  hot- 
well,  in  arrangements  of  jet-condenser,  is  destroyed  by  oxidation,  or,  as  it 
is  often  described  by  the  ignorant,  by  transmutation  into  plumbago, 
are  probably  due  principally  to  such  action ; and,  while  the  distance  of 
the  boiler  from  the  electro-negative  metals  protects  it  very  greatly,  it  prob- 
ably cannot  completely  prev^ent  corrosion  from  this  cause. 

But  that  this  action  must  be  very  slight  seems  proved  by  the  fact  that 
internal  corrosion  from  all  causes  is  usually  inappreciable  with  jet-condens- 
ers, even  where  external  corrosion  has  partly  injured  the  boiler,  although 
the  presence  of  the  copper  or  bronze,  which  acts  with  such  serious  re- 
sults on  the  metal  of  the  condenser  and  the  air-pump  in  its  vicinity, 
might  be  expected  in  such  cases  to  affect  the  boiler  also  quite  seriously 
before  the  lapse  of  any  considerable  period  of  time. 

It  should  also  be  remarked  that  “ pitting  ” is  not  more  frequently  de- 
veloped at  the  points  nearest  the  connections  with  the  engines  than  else- 
where, as  might  be  expected  to  be  the  case  were  it  an  effect  of  galvanic 
action  induced  by  parts  of  the  engine.  Further,  if  it  were  possible  for 
galvanic  action  to  produce  extensive  corrosion',  it  would  still  probably 
take  place  with  tolerable  uniformity  over  the  surface  as  it  takes  place 


46 


VIENNA  INTERNATIONAL  EXHIUITION,  1873. 


in  the  galvanic  battery,  aud  as  it  generally  takes  place  in  the  oxidized 
con(lensor.s  before  referred  to.  It  probably  would  not  produce  the  deep 
and  irregularly-distributed  depressions  found  to  accompany  surface-cou. 
densittion. 

The  addition,  therefore,  of  bronze  even  to  the  extent  that  it  is  intro- 
duced  in  the  surface-condenser  does  not  appear  likely  to  induce  serious 
galvanic  action  on  the  boiler. 

The  necessary  conclusion  seems  to  be  that  the  peculiar  corrosion 
under  consideration  must  be  caused  by  some  foreign  matter  carried  into 
the  boiler  by  the  feed-water,  either  in  mechanical  suspeusion  or  in  solu- 
tion. 

xVn  analysis  made  by  the  writer  in  18G5  proved  the  brown  deposit 
above  the  water-line  of  a boiler  used  in  connection  with  a surface  con- 
denser to  consist  of  oxide  of  iron  without  a trace  of  other  matter  except 
earth  ; but  an  English  analysis  of  the  brown,  slimy  deposit  found  upon 
the  pitied  mrfaces  showed  that  it  consisted  of  oxide  of  iron  with  about 
one  per  c<‘nt.  each  ot'greme  and  of  oxide  of  copper. 

If,  as  will  ])resently  bo  shown  to  be  probable,  the  copper  is  deposited 
on  the  surface  of  the  iron  in  intimate  contact  with  the  metal  and  in 
crevices  anil  depressions,  the  amount  given  is  probably  far  too  small. 

The  presence  of  grease  bears  strongly  against  the  theory  which  sup- 
poses the  lubricants  carried  into  the  boiler  to  be  decomposed,  by  high 
temperature,  into  the  fatty  acids  which  attack  the  iron.  Could  sncli 
decomposition  take  place,  it  is  very  probable  that  the  iron  would  be 
attacked,  forming  an  insoluble  soap.  But,  even  then,  it  is  ijiiestiouable 
whether  such  feeble  acids  as  are  the  fatty  acids  w^ould  not  produce  a 
lar  less  violent,  oh  w^ell  as  a more  diffused,  action. 

Such  decomposition  ot  oils  cannot,  however,  take  place  at  the  temper- 
atures and  pressures  of  our  marine  steam-boilers,  as  it  requires  a teiu. 
perature  of  from  450^  to  500^  to  decompose  the  oils  even  when  notuuder 
pressure,  and  under  pressure  still  higher  temperatures  are  required.  • 

Consequently  the  only  change  that  may  be  anticipated  in  the  lubri- 
cants is  that  which  takCvS  place  in  air,  i,  c.,  its  slow  oxidation  anti  dual 
decomposition  into  carbu retted  hydrogens  and  oxides  of  carbon. 

The  only  other  matters  carried  into  the  boiler  by  the  feed-water  are 
organic  matters  and  copper  and  oxide  of  iron. 

From  the  first  and  the  last  no  serious  effect  is  to  he  appreheiulcdf 
while  from  the  copper,  wdiich  analysis  show^s  to  exist  in  the  boiler  in  all 
such  cases,  must  be  expected  most  injurious  action. 

There  are  three  ways  in  which  copper  may  be  carried  into  the  boiler: 

1st.  Mechanically  by  the  current  of  feed-w’ater  in  the  form  either  of 
metal  or  of  oxide  ; most  probably  the  latter. 

2d.  Dissolved  in  the  water  as  a metallic  salt. 

3d.  Dissolved  as  oxide  in  the  oil  or  tallow. 

Neither  copper  nor  its  oxide  is  soluble  in  water,  and  as  a salt  of  cop. 
per  once  formed  would  not  by  contact  with  iron  be  reduced  to  o.xide,  it 
IS  very  iDossible  that  part  of  the  oxide  formed  by  analysis  muy  he  car- 
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ried  in  suspensiori  by  the  water,  as  gold  and  other  heavy  metals  are 
known  to  be  transported  by  a current. 

The  formation  of  the  oxide  would  take  place  very  readily  by  contact 
of  bronze  in  presence  of  hot  water  with  the  a^r  passing  with  the  water 
through  the  engine.  Its  transportiation  to  the  boiler  might  not  at  first 
seem  probable,  but  when  it  is  considered  that  under  such  circumstances 
it  takes  the  form  of  a flocculent  mass  of  extreme  levity,  such  transpor- 
tation will  not  be  considered  improbable. 

The  onl}"  salt  of  copper  that  can  probably  be  carried  over  in  solution 
is  the  chloride,  which  is  derived  by  a peculiar,  and  as  yet  unstudied,  re 
action. 

When  sea-water  containing  organic  matter  is  brought  in  contact  with 
oxide  of  copper,  the  organic  substance  takes  from  the  copper  its  oxygen, 
and  the  metal  appears  then  to  form  with  salt  a double  chloride  of  cop- 
per and  sodium  by  an  unknown  reaction. 

This  is  a soluble  salt,  which  is  carried  to  the  boiler,  when  by  another 
double  decomposition  the  copper  is  deposited. 

In  the  main  engine  the  organic  matter  is  introduced  as  oil,  and  is 
found  as  an  impurity  in  the  water  or  is  derived  from  the  packing.  The 
reaction  referred  to  above  is  not  described  in  any  published  work,  and 
its  exact  formula  cannot  be  stated. 

Finally  the  oxide  of  copper  is  carried  to  the  boiler  dissolved  in  the 
oil  and  tallow  used  for  lubrication,  and  very  probably  it  may  be  princi- 
pally by  such  solution  that  the  deposit  of  copper  is  produced. 

The  salts  of  copper  entering  the  boiler  in  these  several  ways,  swept 
about  in  im])alpable  particles  by  the  circulation  of  water,  are  finally 
lodged  in  the  depressions  and  minute  crevices  in  the  surface  of  the  iron 
of  the  boiler,  and  at  every  point  at  which  it  collects  the  iron  is  rapidly 
corroded  and  a depression  or  “pit”  produced. 

The  probable  cause  of  the  corrosion  accompanying  surface  condensa- 
tion is  principally  copper  carried  over  from  the  condenser  as  an  oxide 
dissolved  in  oily  matter  or  as  a chloride  in  solution  in  the  feed-water, 
and  this  action  is  assisted  by  addition  of  exceedingly  small  quantities  of 
copper  carried  over  in  mechanical  suspension,  and  is  also  stimulated  by 
very  slight  galvanic  action  induced  directly  by  the  voltaU?  relations 
between  the  copper  of  the  condenser  and  the  iron  of  the  boiler  and 
between  difierent  portions  of  iron  in  different  states  of  aggregation.  All 
of  these  causes  are  far  more  energetic  with  the  surface  than  with  the 
jet-condenser,  and  together  may  cause  very  rapid  corrosion. 

As  a particle  of  copper  will  induce  voltaic  action  over  a surface  of 
many  times  its  own  area,  but  small  quantities  of  copper  in  actual  con- 
tact* with  the  iron  may  produce  very  serious  corrosion  ; and  it  may  be 
readily  believed  that  the  amount  carried  into  the  boiler  from  a surface- 
condenser  may  be  in  a few  months  sufficient  to  produce  marked  effects. 

The  action  being  local,  the  distribution  of  pieces  of  zinc  in  the  boiler 
cannot  be  expected  to  effect  a cure,  although  it  would  probably  have  the 
effect  of  checking  corrosion. 
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The  proper  remedy  would  seem  to  lie  either  in  the  substitution  of 
some  other  metal  for  the  copper  or  in  covering  the  surfaces,  either  of 
the  iron  or  the  copper,  by  a substance  that  may  not  act  injuriously  upon 
the  more  oxidizable  metal. 

The  latter  method  is  the  one  universally  adopted.  In  most  cases  the 
heating-surfaces  are  allowed  to  become  slightly  coated  with  scale,  and 
manufacturers  are  also  adoi)ting  the  practice  of  tinning  the  condenser- 


tubes. 

53.  Recent  changes. — Meantime  the  improvements  in  design  and 
in  workmanship  had  so  far  perfected  the  then  standard  marine  engine 
in  its  details  that  the  advantages  of  the  screw  became  perceivable,  and 
it  began  to  displace  the  paddle-wheel. 

The  change  from  the  side-lover  single-cylinder  engine,  with  jet-con- 
denser and  paddle-wheels,  to  tlie  direct-acting  compound  engine,  with 
surface-condenser  and  screw-propellers,  has  occurred  within  the  memory 
and  under  the  observation  of  even  young  engineers,  and  it  may  be  con- 
sidered that  the  revolution  has  not  been  completely  effected.  This 
change  in  the  design  of  engine  is  not  as  great  as  it  at  first  seemed  likely 
to  become.  It  is  a principle  which  is  becoming  gradually  understood 
by  engineers  that,  so  far  as  simple  expansion  is  concerned,  it  is  not 
a matter  of  consecpience  whether  it  takes  place  in  one  cylinder  or  in 
several.  In  other  words,  as  stated  by  Rankine,  “the  energy  exerted  by 
a given  portion  of  a fluid  during  a given  series  of  change  of  pressure 
and  volumes  depends  on  that  series  of  changes,  and  not  in  the  number 
and  arrangement  of  the  cylinders  in  which  those  changes  are  under- 
gone. 

“The  advantage  of  employing  the  compound  engine  is  connected  with 
those  causes  which  make  the  actual  indicated  work  of  the  steam  fall 
short  of  its  theoretical  amount,  and  also  with  the  strength  of  the  engine 


and  its  framing,  the  steadiness  of  action,  and  the  friction  of  its  mechan- 
ism.” 

54.  Conditions  of  maximum  effective  expansion. — The  changes 
of  design  recently  observed  in  marine  engines,  and  less  strikingly  in  sta- 
tionary steam-engines,  have  been  compelled  by^  purely  mechanical  and 
practical  ODusiderations.  The  increase  noted  in  economy  of  expenditure 
of  steam  and  of  fuel  is,  as  has  been  stated,  duo  to  increased  steam-press- 
ure, greater  expausiou,  and  higher  piston-speeds,  with  improved  meth- 
ods of  constructiou  and  fiuer  workmanship.  These  several  directions  of 
change  occur  simultaneously,  and  are  all  requisite.  To  secure  maximum 
economy  for  any  given  steam-pressure,  it  is  necessary  to  adopt  a certain 
degree  of  expansion  which  gives  maximum  economy  for  that  pressure 
under  the  existing  conditions. 


This  point  of  cut-off  for  maximum  efficiency  lies  nearer  the  beginning 
of  the  stroke  as  steam-pressure  rises.  For  low  pressure  a much  greater 
expansion  is  allowable  in  condensing  than  in  non-coudeusiug  engines j 
but  as  pressure  rises,  this  difference  gradually  lessens.  For  example,  i 
with  steam  at  25  pounds  by  gauge,  the  best  economical  results  are  ob- 
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tained  when  expanding  about  three  times  in  good  condensing-engines 
and  about  one  and  a half  times  in  non-condensing  engines.  With  steam 
at  50  pounds,  these  figures  become  five  and  two  and  a half,  respectively ; 
and  at  75  pounds,  the  highest  efficiency  is  secured  in  condensing-engines 
cutting  off  at  one-fifth  and  in  non-condensing  engines  with  cut-off'  at  one- 
third  stroke. 

Owing  to  the  increasing  proportional  losses  due  to  back-pressure  and 
other  retarding  influences,  the  departure  from  the  economical  result  in- 
dicated for  the  perfect  engine  becomes  greater  and  greater,  until,  at  a 
pressure  of  between  200  and  250  pounds,  the  proper  point  of  cut-off  be- 
comes about  one-sixth  or  one-seventh,  and  very  nearly  the  same  for  both 
classes  of  engines,  and  the  increase  of  efficiency  by  increase  of  pressure 
and  greater  expansion  becomes  so  slight  as  to  indicate  that  it  is  very 
doubtful  \7hether  progress  in  the  direction  of  higher  pressure  will  be 
carried  beyond  this  limit. 

55.  Causes  of  the  success  of  the  double- cylinder  engine. 

But  this  limit  cannot  be  even  approached  in  the  recently  standard  form 
of  marine  engine,  that  with  single  cylinder. 

In  the  stationary  engine  a large  fly-wheel  is  admissible,  and  may  be 
relied  upon  to  secure  regularity  of  motion  with  a cut-off  as  short  as  one- 
fourth  or  one-fifth,  altliough,  even  in  this  case,  the  powder  required  to  over- 
come the  friction  of  its  shaft  becomes  a tax  which  tells  somewhat  strongly 
against  the  moderate  gain  in  the  efficiency  of  the  steam  which  is  by  its 
use  rendered  attainable.  A fly-wheel  has  been  used  on  board  ship  with 
a single-screw  engine  of  the  old  type,  and,  it  has  been  claimed,  with 
good  results.  General  opinion  among  marine  engineers  is,  however, 
entirely  opposed  to  its  use,  and  without  it,  with  high  steam  and  consid- 
erable expansion,  it  is  quite  impossible  10  secure  regularity  of  motion 
in  even  the  usual  form  of  two  engines  v.  ith  cranks  coupled  at  right 
angles  when  working  so  expansively  as  to  p^  idiice  a considerable  range 
of  pressure  in  the  cylinder. 

Another  difficulty,  which  is  common  to  all  cases  in  which  consider, 
able  expansion  occurs  in  one  cylinder,  is  that  ot  tbe  size  and  weight  of 
parts  which  must  be  proportioned  to  carry  the  1.  aximum  stresses  of 
high  pressure  while  transmitting  a mean  pressure  ..hich  is  but  a frac- 
tion of  the  maximum. 

The  engine  which  expands  steam  greatly  is,  thereto /e,  necessarily  a 
heavier  engine  than  that  which  uses  steam  of  lower  pressure,  obtaining 
the  same  power  without  expansion. 

Still  another  objection  to  great  expansion  in  the  single  cylinder  is  to 
be  found  in  the  fact  that  a large  proportion  of  the  total  work  is  done  at 
the  beginning  of  the  stroke,  and  the  proportion  absorbed  by  friction 
becomes  an  objectionably  large  percentage  of  the  whole.  The  serious 
losses  arising  from  condensation  and  re-evaporation  within  the  cylinder, 
and  which  place  an  early  limit  to  the  benefit  derivable  from  expansion, 
affect  both  types  of  engine,  and,  so  far  as  seems^now  known,  equally 
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Certainly  no  reliable  (leterinination  lias  yet  been  made  of  the  compara- 
live  eftect  of  this  action  uiion  them. 

The  lightness  of  engine  and  the  smaller  weight  of  boiler  required 
wlieii  the  “compound”  engine  is  used  are  great  advantages,  and, when 
coupled  with  the  fact  that  by  no  other  satisfactory  device  can  great 
expansion  and  consequent  economy  of  fuel  be  obtained  at  sea,  the  ad- 
vantages are  such  as  to  make  the  adoption  of  this  style  of  engine  imper- 
ative for  ship-proiuilsion. 

The  committee  of  the  British  admiralty  on  designs  of  ships  of  war 
have  reported  recently,  “ The  carrying-power  of  ships  may  certainly  be 
to  some  extent  increased  by  the  adoption  of  compound  engines  in  Her 
Majesty’s  service.  Its  use  has  recently  become  very  general  in  the  mer- 
cantile marine,  and  the  weight  of  evidence  in  favor  of  the  large  economy 
of  fuel  thereby  gained  is,  to  our  minds,  overwhelming  and  .conclusive. 
We,  therefore,  beg  earnestly  to  recommend  that  the  use  of  compouud 
engines  may  be  generally  adopted  in  ships  of  war  hereafter  to  be  con- 
structed, and  applied  whenever  it  can  be  done  with  line  regard  to  econ- 
omy, and  to  the  convenience  of  the  service,  to  those  already  built.” 
Chief"  Engineer  Charles  H.  Baker,  U.  S.  N.,  has  collected  the  results  ol 
extended  trials  of  marine  engines  under  ordinary  conditions  ol*  regular 
working,  and  they  are  condensed  in  the  following  table: 


liefative  economy  of  nimble  and  componnd  emjines. 
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Builders  have  but  slowly  learned  the  principles  stated  above  in  refer- 
ence to  expansion  in  one  or  more  cylinders,  and  the  earlier  engines  were 
made  with  a high  and  low' pressure  cylinder  working  on  the  same  con- 
necting-rod, and  each  machine  consisted  of  four  steam-cylinders.  It 
was  at  last  discovered  that  a high-pressure  single-cylinder  engine  ex- 
hausting into  a separate  larger  low-pressure  engine  might  give  good 
results,  and  the  compound  engine  became  as  simple  as  the  type  of  engine 
which  it  displaced.  This  independence  of  high  and  low  pressure  en- 
gines is  not  in  itself  novel,  for  the  plan  of  using  the  exhaust  of  a high- 
pressure  engine  to  drive  a low-pressure  condensing-engiue  was  one  of 
the  earliest  of  known  combinations. 

56.  Exhibited  marine  engines.— At  the  Vienna  Exhibition  are 
illustrated  all  of  these  types  of  engine.  There  are  a number  of  marine 
engines  of  older  form  exhibited,  but  they  do  not  call  for  special  mention 
here. 

An  engine  is  exhibited  by  Messrs.  Burmeister  & Wain,  of  Copenha- 
gen, Denmark,  which  is  a good  example  of  the  more  cumbersome  style  of 
compound  engine.  A high  and  a low  pressure  cylinder  are  mounted  in 
the  same  line,  their  pistons  secured  to  the  same  rod  and  driving  the  same 
crank.  (See  Figs.  24  and  24  A.)  The  large  steam-cylinders  have  trunks. 
A similar  pair  is  coupled  to  the  other  crank,  which  is  set  at  right  angles 
with  the  first.  This  forms  a four-cylinder  compound  engine,  such  as  was 
thought  good  practice  a few  years  ago.  This  engine  is  described  as  of 


Fig.  24. — Engine  of  Burmeister  & Wain. 


thirty  nominal  horse-power.  The  builders  claim  that  these  engines  will 
give  150  indicated  horse-power  with  a consumption  of  2J  pounds  (Ehen- 
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ish)  ot  coal  ’per  horso-posvoi’  per  Iionr.  They  are  built  complete  with 
boilers,  and  erected  on  board  ships,  for  $18,000,  Danish  money,  ($9,000 
gold.)  These  engines  are  apparently  well  proportioned  in  all  details, 


Fig.  24  A. — Eugiuo  of  Btirmeister  A-  Wain. 


and  of  good  material.  They  have  a good  hnish,  and  their  workmanship 
throughout  is  excellent.  The  height  of  the  engines,  whicli  would  other- 
wise be  very  objectionable,  has  been  kept  within  usual  limits  by  fitting 
the  low-pressure  engines  with  trunks.  The  valves  of  the  high-pressure 
cylinders  are  attached  to  the  same  rods  wliich  operate  the  valves  of  the 
larger  cylinders.  The  engines  are  fitted  with  surface-condensers, and 
have  bucket  and  plunger  air-pumps,  worked  by  levers  attached  to  the 
main  trunk.  This  firm  have  built  these  engines  since  about  1854,  using 
pressure  of  50  to  GO  pounds  per  square  inch.  The  boilers  of  the  Fylla, 
built  in  1861,  drove  a set  of  these  engines  and  required  no  repairs  until 
1871~’72. 

57.  The  compound  marine  engines  of  the  Donau  DampfschiffahRT 
Gesellschaft  form  a very  interesting  collection,  and  the  most  exten- 
sive exhibit  of  this  class  on  the  grounds.  This  company  had  a small 
building  appropriated  to  its  exhibits,  and  filled  it  with  a very  fine  set  of 
model  steamers,  and  with  engines  of  full  size,  together  with  samples  of 
their  supplies.  This  large  company  supports  a line  which  traverses  a 
distance  of  more  than  twenty-five  hundred  miles — from  Donau wertli  to 
the  Black  Sea— with  auxiliary  branches.  They  have  166  steamers,  of 
collectively  148,116  indicated  horse-power. 

One  of  their  larger  steamers,  the  Orient,  which  is  a fair  sample  ot  their 
vessels,  is  much  like  an  American  Hudson  River  steamer  in  general 
appearance.  It  is  of  rather  light  draught,  (4  feet,)  with  high  upper 
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works  and  a number  of  state-rooms.  This  vessel  is  250  feet  long,  of  27^ 
feet  beam,  and  feet  depth  of  hold.  The  number  of  berths  is  178  and 
of  state-rooms  11. 

Wire-rope  towage. — One  of  the  most  interesting  among  the  mod- 
els shown  by  this  company  is  that  of  a ferry-boat,  the  Waag.  It  is  a 
vessel  of  120  feet  in  length,  23  feet  beam,  and  feet  depth  of  hold. 
The  draught  is  but  2J  feet.  This  vessel  is  propelled  by  overhauling’’ 
a chain  which  lies  along  the  bed  of  the  river  between  Vienna  and  Press- 
burg.  The  same  method  is  adopted  on  the  Elbe  and  on  other  rivers  of 
Europe  for  towage.  The  chain  is  laid  on  the  river-bed,  from  end  to  end 
of  the  route.  The  steamer  is  provided  with  a winding-drum  instead  of 
paddle-wheels,  and  is  thus  fitted  to  haul  in  the  chain  at  one  end  of  the 
vessel  and  to  pass  it  oft  at  the  other  end. 

The  Siichsische  DampfscMffs-  und  Mascliinenljau-  Anstali^  of  Dresden^ 
also  exhibited  the  machinery  of  a vessel  of  similar  character,  with 
steam-cylinders  12  inches  diameter  and  2 feet  stroke. 

Messrs.  Sulzer  Freres,  of  Winterthur,  Switzerland,  placed  on  exhi- 
bition machinery  for  wire-rope  towage,  constructed  by  them  on  the 
system  of  Baron  De  Mesnil  and  Herr  EjTh,  for  a tow-boat  to  be  em- 
ployed on  the  Rhine  by  the  Cologne  Tow-Boat  Company.  The  steam- 
engines  had  cylinders  14y\  inches  in  diameter  and  23f  inches  stroke, 
well  lagged,  and  fitted  with  steam-jacketed  heads  as  well  as  sides.  The 
expansion-gear  consisted  of  link-motion  and  main  and  cut-off  slide- 
valves,  adjustable  by  hand  to  expand  from  a to  10  times. 

The  steam  is  exhausted  into  tubular  feed- water  heaters  and  into  a 
jet-condenser.  The  engines  can  be  worked  with  or  without  condeusa- 
fion,  as  may  be  desired.  The  air-pump  is  10  inches  diameter.  The  en- 
gines are  intended  to  make,  as  a maximum,  150  revolutions  per  minute. 
We  found  that  steel  had  been  used  freely  in  their  construction.  The 
piston-rods,  crank-shaft,  and  other  important  details  were  made  of  that 
metal.  The  clip-drum  carrying  the  wire  rope  is  9 feet  in  diameter. 

58.  Rope-traction  vs.  paddle-wheels.— This  method  of  propulsion, 
where  practicable,  is  decidedly  more  economical  of  power  than  the  ordi- 
nary methods,  especially  where,  as  in  towing,  the  losses  by  slip  and  by 
oblique  action  of  the  paddle-floats  become  very  serious.  The  total  loss 
varies  from  an  average  of  probably  25  or  30  per  cent.,  in  ordinary  cases,* 
to  55  per  cent.,  and  perhaps  much  more  for  tow-boats.  It  is  somewhat 
remarkable  that  this  method  of  propulsion,  which  is  so  common  in  Eu- 
rope, should  be  so  little  practiced  in  the  United  States. 

This  appears  the  more  remarkable  when  an  analysis  is  made  of  the 
action  of  the  paddle-wheel,*  and  the  fact  is  thus  shown  that  these  losses 
by  slip  and  oblique  action,  which  are  entirely  avoided  in  chain-propul- 
sion, are  necessarily  serious  in  the  paddle-wheel.  This  analysis  may  be 
thus  made : 

* Journal  Franklin  Institute,  1869.— Losses  by  oblique  action  in  the  paddle-wheel. 
R.  H.  Thurston. 
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Ill  a marine  steam-enjjine  of  good  design  and  in  good  order,  about? 
per  cent,  of  tlie  indicated  horse-power  may  be  expected  to  be  consumed 
in  the  moving  of  the  parts  of  tlie  machinery  itself,  the  remaining  93  per 
cent  being  applied  to  the  ])ropeHing-instrnment. 

Where  the  radial  [laddle-wheol  is  used,  a considerable  part  of  tlie 
work  done  by  the  wheel  is  expended  uselessly  in  forcing  the  water 
downward,  or  in  lifting  it;  and  of  that  power  which  ti n ally  acts  hori- 
zoutall3",  a part  is  unavoidably  lost  in  setting  in  motion  the  water  npou 
which  the  wheel  acts.  Thus  the  power  exerted  by  the  engines  is  consid- 
erably greater  than  that  exerted  by  the  s/iip  in  resisting  motion. 

To  ascertain  the  amount  of  these  losses,  when  the  vessel  is  at  rest,  as 
on  the  instant  of  starting  the  engines,  the  first  of  these  losses,  that  from 
oblique  action,  is  easily  calculated,  thus: 

Measure  the  length  of  the  immersed  arc*  described  by  the  center  of 
pressure  of  the  fioats  and  the  length  of  its  chord.  The  ratio  of  the 
squares  of  these  quantities  will  give  the  ratio  of  total  power  exerted  to 
power  expended  horizontally  by  the  wheel. 

When  the  vessel  moves  ahead,  the  conditions  of  the  problem  are  at 
once  greatly  changed. 

The  fioats,  then,  instead  of  moving  in  a circle  through  the  water, 
describe  curtate  cycloids. 

They  then  move  through  the  water  obliciuel^’,  and  with  velocities 
varying  every  instant. 

This  forward  movement  of  the  vessel  giv^es,  to  some  extent,  a ‘^feath- 
ering” action  to  the  fioats,  and  the  loss  from  oblique  action  becomes 
very  greatly  diminished. 

The  principal  portion  of  the  work  is  done  in  the  lower  portion  of  the 
path  of  the'fioat,  where  there  is  less  oblique  action. 

Noticing  the  positions  assumed  by  the  fioats  at  different  points,  and 
the  direction  of  their  motion,  it  becomes  evident,  also,  that  the  amount 
of  “ dip”*  influences  the  amount  of  loss  from  oblique  action  very  greatly 
when  the  vessel  moves  ahead,  as  well  as  in  the  previous  case,  and  the 
most  economical  wheel  will  be  that  in  which  the  sum  of  the  losses  from 
dip  and  slip  are  reduced  to  the  greatest  extents 

To  ascertain  the  amount  of  loss  of  poicer  in  oblique  action: 

Let  V = velocity  of  paddle-float  at  center  of  pressure. 

V = velocity  of  vessel. 

o = angle  included  between  an  arm,  and  horizontal  line  through 
the  center. 

^ = any  other  angle. 

V 

u = 

r = radius. 

*The  “ dip”  is  the  depth  of  the  lower  edge  of  the  paddle-lloat  beneath  the  surface  of 
the  water. 


55 


LOSSES  OF  POWER  IN  THE  PADDLE-WHEEL. 


Tlie  taugeiitial  velocity’  of  the  center  of  pressure  of  any  float  will 
be  (V  — V sill  a)  = V (1  — sin  a),  and  the  horizontal  velocity  through 
the  water  will  be  (v  sin  a — i?)  = v (siu  a — u). 

The  normal  pressure  on  a unit  of  area  of  the  float  will  be  measured 
by  the  square  of  its  velocity  in  the  direction  of  that  pressure,  or 
(1  — 11  sill  a)^,  and  the  total  work  done  by  the  engine  in  turning  the 
float  throughout  any  arc  will  be-;- 


rv-  (1  — u sill  ay  da 
J 


(1) 


The  horizontal  component  of  the  pressure  on  the  float,  which  only  is 
useful  in  propelling  the  ship,  will  be — 


(1  — ii  sin  ay  sill  a 

While  the  float  is  moving  through  the  arc  r da  in  the  time 
di=  this  horizontal  resistance  will  be  met  through  a space 

V (sin  a — u)  dt  = rda  (siu  a — w),  and  the  power  expended  horizon- 
tally upon  the  water  while  the  wheel  moves  through  any  elementary  arc 
will,  therefore,  be  expressed  by  r (1  — u sin  ay  (sin  a — u)  sin  a da; 
and  while  moving  through  any  arc,  by — 


r Y^J  ^ (1  — w siu  ay  (sin  a — u)  a da  ...  (2) 

But  while  this  amount  of  work  is  expended  upon  the  water,  the  wheel 
must,  ill  consequence  of  the  slip,  do  a greater  amount  of  work  in  a pro- 
portion varying  at  each  point  with  the  slip,  and  the  total  horizontal 
work  of  the  wheel  will  be  obtained  by  multiplying  the  expression  for 

the  elementary  arc  by  the  factor ^ 

y (1  — sin  a)  * 

The  total  amount  of  work  done  in  this  direction,  then,  while  passing 
through  the  arc  will  be,  including  slip — 

, .-/f  (.  — U siu  a)  (sin  a — u)  sin  a da  . . . (3) 

The  ratio  of  (3)  to  (1)  will  be  the  ratio  of  gross  horizontal  work  to  the 
total  work  done  on  the  wheel.* 

Integrating  between  limits,  this  ratio  becomes — ■ 


(3)^ 
(1) 


— (/^  — a)  + 2 u (cos  — cos  a)  — ~ (cos^  (3  — cos^  a)  — ^ (sin  2 /3  — sin  2 a) 


-J  ^ 

— n (d  — u (cos  /5  — cos  a)  — — (siu  2 (3  — siu  2 a) 

^ 4 


In  this  equation,  making  a the  angle  of  entrance  of  the  mean  center 
of  pressure  of  the  float,*  and  calling  /?  = 90°,  ~ being  known,  the  loss  of 

power  in  any  wheel  by  oblique  action  may  be  obtained  by  subtracting 
the  ratio  resulting  from  our  final  equation  from  unity. 


*See  paper  by  J.  D.  Van  Bnreu,jr.,  Journal  of  the  Franklin  Institute,  1865. 
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The  following  are  data  assiiniod  and  results  obtained  as  above: 


First  case. 

Second  case. 

Third  case. 

Fourth  case. 

a=C0o=-^=1.047 

.a=420=  Iff 

a 

II 

» 

a=0o=o. 

/ff={)0o=-^=1.570 

^=90°  = 1 

= 1 

TT  • 

^=90®  = - 

V 

V 

V 

V 

Dip.  = ^ radius. 

Dip.  = i radius. 

Dip.  = i radius. 

Dip.  = to  center. 

EOicieiicy  = .949. 

Efticioncy  = .907. 

Efliciency  •=  ,83. 

Elbeienev  = .70. 

Loss  by  oblique  ac- 
tion = .051. 

Loss  = .093. 

Loss  = .17. 

Loss  = .30. 

The  first  case  corresponds  to  that  of  light  riv’er-steam boats,  the  sec- 
ond to  that  ot  ocean-steamers,  while  tbe  third  is  an  exaggerated,  though 
not  remarkably  rare,  case.  The  fourth  case  is  given  simply  in  illustra- 
tion of  the  use  of  the  formula j it,  of  course,  is  unknown  in  practice. 

Ilere  the  efticiency  and  loss  are  expressed,  not  in  fractions  of  total 
indicated  horse-imwer,  but  of  the  power  applied  to  the  wheel;  and  re- 
ferred to  indicated  horse  power,  those  losses  would  be  .047,  .008,  .158, 
and  .28,  respectively. 

If  it  is  required  to  find  tlie  loss  of  power  by  oblique  action  and  slip 
combined,  and  thus  to  ascertain  if  the  designer  of  the  hull  has  fulfilled 
his  guarantees,  the  net  power  expended  in  simply  overcoming  the  resist- 
ance of  the  ship  must  be  obtained.  The  amount  of  liorizontal  expendi- 
ture of  ])ower  just  obtained  must,  in  this  case,  be  reduced  by  multiply* 

Y—v 

ing  by  the  ratio or  it  may  be  taken  from  (2.) 

V* 

III  the  examples  given  above,  the  slip  is  assumed  to  be  known, , and  in 
each  case  is  taken  at  25  per  cent.,  and  this  net  jiower  usefully  expended 
is  found,  after  making  this  reduction,  to  be  .714,  .085,  .031,  and  .52  of 
total  indicated  horse  power. 

In  the  fourth  case,  the  slip  would  actually  be  very  much  greater  than 
is  assumed  above,  and  the  efficiency  would  probably  fall  below  20  per 
centum  of  the  indicated  horse-power. 

These  results  agree  very  closely  with  those  deduced  from  experiment, 
and  indicate  very  plainly  the  economy  to  be  anticipated  by  the  avoid- 
ance of  these  two  serious  sources  of  waste  of  power. 

The  screw  is  also  subject  to  both  sources  of  loss,  but,  working  in  a fol- 
lowing current  under  the  stern  of  the  vessel,  it  enjoys  a counterbalanc- 
ing advantage  which  makes  it  superior  to  tlie  paddle  as  an  instrument 
of  propulsion. 

The  objection  to  the  ado])tiou  of  the  chain  in  general  practice  is  the 
nect  ssity  of  following  closely  the  line  along  which  it  is  laid.  This  dif- 
ficulty is  not,  however,  so  great  as  it  would  at  first  seem.  Boats  thus 
propelled  in  some  cases  have  turned  around  quite  sharp  bends,  and 
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readily  avoid  other  craft  a slight  chauge  of  course,  and  at  the  same 
time  altering  speed. 

59.  The  engines  exhibited  by  the  DoNAU  Gesellschaft  were  com- 
pound engines  of  exceptionally  good  design.  One  was  a screw-engine 
with  intermediate  receiver;  another  was  an  oscillating  paddle-engine, 
and  the  third  large  engine  was  an  inclined  engine.  The  trunk  air- 
pump,  the  solid-bar  Stephenson  links,  and  other  details  gave  good  evi- 
dence that  the  designer  was  more  than  a mere  copyist  of  the  designs  of 
others. 

The  solid-bar  link  seems  gradually  making  its  way  into  favor,  and 
displacing  the  hitherto  standard  “open”  or  “ strap”  link.  It  has  an 
important  advantage  in  affording  a means  of  taking  up  wear,  and  thus 
avoiding  the  shake  and  jar  and  the  noise  which  follows  from  the  slightest 
wear  in  the  common  link. 

60.  The  Stabilimento  Technico  Triestino,”  an  establishment 
located  at  Trieste,  exhibited  two  sets  of  compound  marine  engines, 
which  were  very  creditable  indeed,  and  unexcelled  by  anything  of  the 
same  class  in  the  exhibition.  These  engines  were  of  the  “ Napier  style,” 
well  designed  and  well  made,  and  had  a sensible  and  serviceable  appear- 
ance, which  was  quite  in  contrast  with  that  of  some  competing  speci- 
mens of  marine  work.  The  finish  was  plain,  but  quite  as  good  as  should 
be  asked,  and  the  amount  of  “ bright- work”  about  them  was  reduced  to 
the  least  amount  consistent  with  good  appearance.  The  builders  evi- 
dently understood  that  much  highly-finished  work  on  a marine  engine 
is  out  of  place. 

The  150  N.  H.  P.  engines  are  provided  with  a centrifugal  circulating- 
pump,  driven  by  an  independent  engine.  This  arrangement  is  in  some 
respects  a very  excellent  one,  and  it  is  apparently  becoming  standard 
practice.  With  a plain,  simple  engine  and  an  effective  form  of  circulat- 
ing-pump, no  objection  exists  to  its  adoption. 

The  large  pair  of  engines  had  steam-jacketed  cylinders,  31  and  60 
inches  in  diameter,  and  a stroke  of  piston  of  3 feet.  The  method  of 
securing  the  inner  barrels  of  the  cylinder  to  the  outer  casing  so  as  to 
be  at  once  steam-tight  and  rigid,  in  spite  of  changes  of  dimensions  due 
to  changes  of  temperature,  was  stated  to  be  similar  to  that  now  geue- 
rally  practiced  in  Great  Britain.  It  is  so  excellent  and  in  every  way 
satisfactory  that  it  should  be  more  generally  known  in  the  United 
States.  At  the  lower  end,  the  linings  are  secured  rigidl^^  to  the  main 
cylinder-casting  by  bolted  flanges.  At  the  upper  ends,  the  barrel  fits 
snugiy,but  without  jamming,  and  a stuffing-box  is  made  between  it  and 
the  casing.  This  stuffing-box  is  filled  with  a wire-rope  packing,  some- 
times of  galvanized  wire,  and  with  white  lead.  It  is  driven  in  snugly 
and  confined  by  an  annular  ring  bolted  firmly  down  upon  it. 

The  “ box-framing”  forms  also  the  hot-well.  The  surface-condenser  is 
cleared  by  a single-acting  air-pump  of  26  inches  diameter  and  IJ  feet 
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Stroke.  The  feed-piiinps  ami  the  l)ilKe-puinp.s  are  driveii  from  the  cross, 
head  of  the  jlir-pmiji). 

01.  iMessivs.  John  Phnn  & Son,  of  Greenwioli,  Great  Britain,  exhib- 
ited  a beaiitifully-niade  and  oxqiiisitely-fmislied  model  of  one  of  tlioir 
marine  trunk-engines  of  large  size,  such  as  was  titted  up  in  the  British 
iron-clad  Minotaur  and  vessels  of  similar  (diaracter.  This  loriii  of 
engine  has  been  built  by  this  linn  for  many  years,  and,  as  constructed 
by  them,  has  proved  itself  a very  elective  machine.  In  the  hands  of 
less  experieticed  and  less  skillful  builders,  however,  it  has  not  succeeded) 
and  it  is  generally  regarded  by  engineers  as  an  undesirable  form  of 
inaiine  engine.  JMessrs.  Penn  iSc  Son  are  themselves  now  building  com- 
pound engines. 

1 he  Minotaur  was  one  of  the  earlier  of  the  British  iron-chuls.  Tlio 
gieat  length  and  consecpient  diliiculty  of  manoeuvring,  the  defect  of 
speed,  and  the  weakness  of  armor  of  these  vessels  have  led  to  the  sub- 
stitution of  far  fnore  etlective  designs  in  later  constructions.  The  Mino- 
taur is  a four-masted  screw  iron-clad,  400  feet  long,  of  oO  feet  beam  and 
.-Oi  feetdraughtot  water.  Her  speed  at  sea  isabout  12il  knots, and  heren- 
gines  develop,  as  a maximum,  nearly  0,000  indicated  horse-power.  Her 
hea\  iest  armor-plates  are  but  0 inches  in  thickness.  Her  extreme 
length  and  her  unbalanced  rudder  make  it  diOicnlt  to  turn  raindly. 
\\  ith  eighteen  men  at  the  nteering  wheel  and  sixty  others  on  the  tackle, 
the  ship,  on  one  occasion,  was  7A  minutes  in  turrdng  completely  around. 

These  long  iron-clads  were  succeeded  by  the  shorter  vessels  designed 
b^  Mr.  h.  J.  Ueed,  ot  which  the  first,  the  Bellerophon,  was  of  4,240  ton® 
burden,  .300  feet  long  b}’^  50  feet  beam,  and  24.J  feet  draught,  of  the  14- 
knot  speed  with  4,000  horsC'power  f and,  having  the ‘‘balanced  rudder’’ 
used  niany  years  earlier  in  tlie  LTiiited  States  by  Kobert  L.  Stevens,''  it 
can  turn  in  four  minutes  with  eight  men  at  the  wheel.  The  cost  of  con- 
struction was  some  $000,000  less  than  that  of  the  Minotaur. 

02.  The  “Sooi^Tf:  John  CocKEniLL,”of  Seraing,  Belgium,  exhibited 
a well-made  pair  of  large  oscillating  engines,  with  feitheriiig-paddle 
wheels,  such  as  are  very  common  in  Great  Britain  and  iu  the  continental 
harbors  and  rivers.  They  presented  no  essential  peculiarity  of  design 
and  the  remarks  just  made  with  reference  to  the  trunk-engine  will  apply 
with  almost  equal  force  here. 

03.  The  featherinGt-paddle  is  often  Uvsed  in  Europe  to  the  exclu- 
sion of  the  commou  or  “ radial”  wheel,  over  which  it  poss'esses  some  de- 
cided advautages.  As  usually  made,  the  diameter  of  the  feathering- 
wheel  is  one  halt  that  ot  a radial  wheel  acting  similarly  upon  the  water. 
In  other  words,  the  floats  traverse  the  water  as  if  they  were  attached  to 
a radial  wheel  of  double  diameter.  Tliis  reduction  of  size  permits  the 
use  of  a smaller  engine,  making  a greater  number  of  revolutions,  and 
thus  cheapens  its  cost,  permits  a high  sjieed  of  piston,  and  produces 

It  is  still  in  use  ou  the  Hoboken  I’erry-boats,  and  has  now  been  largely  introduced 
in  naval  vessels. 
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some  economy.  The  small  paddle-boxes  present  a comparatively  small 
surface  to  the  wind,  and,  by  thus  reducing  head-resistance,  give  in- 
creased speed. 

The  disadvantages  of  this  wheel  are  its  complication  and  the  expense 
of  constructing  it.  In  the  United  States,  where  the  uavigable  rivers 
are  usually  obstructed  by  ice  during  some  months  in  each  year,  it  is 
impossible  to  adopt  it  with  advantage.  In  Europe,  where  this  rarely 
occurs,  the  feathering-paddle  is  almost  universally  used. 

GI.  The  high  rate  of  speed  required  for  economical  expansive  working 
is  obtained  in  the  United  States  by  adopting  the  typical  “ American’^ 
overhead-beam  engine,  of  which  the  long  stroke  of  piston,  the  ease  of 
Avorking,  and  the  readiness  with  which  it  accommodates  itself,  without 
difficulty,  to  changes  in  the  shape  of  our  flexible  vessels,  render  it  prob- 


ably the  best  possible  tyi)e  to  couple  with  our  great  radial  wheels.  It 
is  only  excelled  in  economy  by  the  best  compound-engines. 

Some  manufacturing  firms,  among  them  the  principal  Montreal  engine- 
builders,  are  “ compounding’^  this  engine  with  satisfactory  results. 

This  engine  can  readily'  be  adapted  to  the  feathering-wheel,  and  its 
use  on  the  rivers  and  harbors  of  the  South  and  in  boats  intended  only 
for  summer  travel  in  the  North  would  prove,  if  properly  designed, 
satisfactorily  economical. 


65.  Among  the  most  interesting  exhibits  of  marine  machinery  were 
the  compound-engines  of  the  Swedish  twin-screw  gunboats,  exhibited 
b}'  the  Motala  Works.  These  were  horizontal  compound-engines, 
with  an  intermediate  receiver,  with  cranks  set  at  right  angles.'  The 
steam-cylinders  were  10  and  20  inches  in  diameter,  and  the  stroke  of 
pistons  17^  inches.  The  air-pumps  were  7|  inches  in  diameter  and  8f 
inches  stroke.  The  cylinders  were  not  steam-jacketed.  The  valves 
were  the  ordinary  slide,  driven  by  a link-motion.  The  engines  were 
fitted  with  jet-condensers. 

The  steam-boilers  supplying  these  engines  were  stated  to  be  tubular 
boilers  of  950  square  feet  of  heating-surface,  and  26^  feet  of  grate- 
surface. 


The  engines  built  from  the  same  designs  for  the  gunboat  Ulf  were 
said  to  have  developed  160  indicated  horse-power,  with  a consumption 
of  less  than  2J  pounds  of  coal  per  horse-power  per  hour. 

66.  The  Motala  Works  also  exhibited  a small  passenger-steamer  on 
the  river.  This  little  craft,  the  Motala,  was  56^  feet  long,  Ilf  feet  beam, 
and  drew,  loaded,  feet  of  water.  It  was  driven  by  a plain  non-con- 
densing engine  of  8 horse  power.  The  screw  was  3i  feet  diameter,  6J 
feet  pitch,  and  the  boiler,  of  locomotive  type,  contained  120  square  feet 
of  heating-surface,  and  SJ  square  feet  of  grate-surface. 
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THE  COMPAGNIE  DE  FiVES-LILLK,  THE  SoCII5:t6  JohN  CoOKKRILL,  THE  SocrflT^ 

Anonyme  dk  Couillkt;  The  Guinottk  valve-gear,  its  design,  construction, 

APPLICATION  TO  REVERSING-ENGINKS  ; PECULIAR  APPLICATIONS;  USE  ON  HOISTINg' 

engines;  Automatic  ad.tustment;  Carel’s  locomotive;  Russian,  Italian, Ger- 
MAN,  AND  Austrian  locomotiv'es;  The  Staats  Eisenrahn-Gksellschaft;  Charac- 
ter OF  European  work;  Belpaire’s  fire-box:  Steam-pressures;  Riveting  and 
calking;  Materia  I.— steel  vs.  iron;  Krui'p’s  .steel  wheels;  Iron  wheels 
Historical;  The  introduction  of  stickl. 


Gi.  Number  and  dimensions. — IMore  tlian  forty  locoinotive-cngines 
Mere  cxliibited  at  Vienna,  all,  with  a 8ing:le  exception,  having  outside 
cylinders;  the  diameter  of  cylinders,  varying  from  8A  to  21:^  iuclies, 
was  usually  IGJ  or  17  inches.  The  driving-wlieels  ranged  from  2J  feet 
diameter  on  a little  Engli.sh  contractors^  locomotive,  to  GJ  feet  on  two 
ot  the  German^  engines.  The  weights  of  engines,  in  working  order, 
ranged  from  GjJ  to  70  tons. 


G8.  The  accompanying  table,  published  in  London  Engineering,  of 
date  of  June  G,  1873,  contains  the  leading  dimensions  of  nearly  all; 
and,  so  far  as  the  writer  has  been  able  to  check  it,  it  is  very  accurate: 

GO.  xVmerican  locomotives. — It  will  be  noticed  that  no  American 
locomotive  was  exhibited. 


Oil!  builders  seem  to  have  assumed  that  no  advantage  would  be 
gained  b>  exhibiting  at  \ ienna.  This  was  probably  an  error.  The 
American  locomotive,  vvliicli  was  formerly  looked  upon  with  little  favor 
by  European  constructors,  is  now  well  known,  and  its  tadvantages  are 
well  recognized.  The  fact  that  continental  builders,  and  to  a less  ex-  * 
tent  the  British,  are  copying  it,  both  in  general  plan  and  in  details,  is 
t e best  evidence  of  the  truth  of  this  statement.  One  American  linn 
as  recently  received  a large  Eurojiean  order,  which,  it  is  not  unlikely,  \ 
was  prompted  partly,  if  not  wholly,  by  the  exhibition  of  American  loco- 
moti\es  in  18G7,  in  Paris.  Even  more  satisfactory  returns  might  have  ' 
been  anticipated  from  similar  enterprise  in  1873.  The  reimtatiou  of 
merican  mechanics  and  engineers  in  Europe  has  steadily  and  rapidly 
increased  since  18Gi,  and  a strongly  favorable  impression  now  exists, 
w 1C  , 1 properly  taken  advantage  of  by  our  people,  will  be  found  of 
great  assistance  in  securing  foreign  orders  and  in  the  introduction  into 
Europe  of  good  American  inventions. 
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That  the  American  locomotiv^e  is  looked  upon  with  great  favor  by 
European  engineers  is  indicated  not  only  by  the  gradual  adoption  of 
that  design  in  construction,  but,  in  the  case  of  Russia,  particularly,  by 
extensive  purchases  from  firms  in  the  United  States.  The  Baldwin 
Locomotive  Works,  of  Philadelphia,  have  sold  a considerable  number  to 
the  Russian  lines  of  railroad,  and  the  Grant  Locomotive  Works  have 
concluded  negotiations  for  the  sale  of  fifty  engines  in  a single  contract. 
It  is  stated  that  these  engines  will  be  built  for  burning  anthracite  coal, 
of  which  a considerable  deposit  exists  in  that  country. 

The  work  done  in  Europe  by  our  countrymen,  Whistler,  Harrisou, 
Winans,  and  others,  is  still  exerting  an  inliuence,  to  some  extenttr  adi- 
tional  in  origin  but  still  proverbial,  in  favor  of  the  work  of  American 
mechanics.  The  reputation  of  this  nation  abroad  for  ingenuity,  tact, 
and  power  of  adaptation  to  circumstances  is  largely  due  to  them. 

70.  British  tank-engines. — The  British  section  contained  two  tank- 
engines,  of  good  workmanship,  and  apparently  of  excellent  material. 
The  design  is  in  each  case  neat,  and  the  engines  seem  well  fitted  for  doing 
good  work.  One,  by  Fox,  Walker  & Co.,  of  Bristol,  was  built  for 
feet  width  of  gauge,  and  was  fitted  with  the  Le  Ohatelier  counter-press- 
ure brake  and  a rude  spark-arrester.  It  had  outside  cylinders,  of  10 
inches  diameter  and  18  inches  stroke  j driving-wheel,  3 feet  diameter, 
with  axles  6 feet  from  center  to  center,  a pair  of  leading- wheels  feet 
diameter,  fitted  up  with  the  radia  axle-boxes  applied  by  Adams.  The 
boiler  contained  96  tubes  If  inches  diameter  and  8J  feet  long ; its  total 
heating-surface  was  406  square  feet  and  its  grate-surface  7J  feet.  The 
engine,  in  working  order,  weighed  18  tons,  of  which  66  per  cent,  was 
carried  on  the  driving-wheels.  Without  fuel  and  water,  the  weight  was 
15  tons.  It  was  fitted  with  “ ring-tanks,”  and  the  coal  was  carried  on 
the  foot-board. 

The  other  engine,  by  Hughes  & Co.,  of  Loughborough,  had  cylinders 
8J  inches  diameter  by  If  feet  stroke ; driving-wheels,  feet  diameter 
and  4J  feet  from  center  to  center  of  axles  j heating-surface,  235  square 
feet ; grate-surface,  5 feet ; weight,  10  tons  iu  working  order,  8 tons 
empty  j tank  extending  over  the  top  of  the  boiler. 

71.  French  locomotives. — France  was  represented  in  this  class  by 
three  engines.  One  built  by  MM.  Schneider  & CiE,  of  Creuzot,  for 
the  Chemin  de  Fer  du  Midi,  was  a powerful  outside- cylinder  freight-en- 
gine, with  eight  coupled  wheels.  It  was  well  designed,  of  excellent 
proportions,  and  the  most  beautifully  finished  locomotive  in  the  Exhibi- 
tion. It  had  a large  area  of  grate,  20  square  feet,  (2.4  square  meters,) 
and  208  square  meters,  (nearly  2,500  square  feet,)  of  heating- surface. 
The  cylinders  were  21f  inches  (0.54  meter)  diameter,  with  a stroke  of 
piston  of  2 feet,  (0.61  meter.)  Its  weight  was  nearly  54  tons  in  working 
order.  By  giving  a certain  amonut  of  play  (0.20  meter)  to  the  axles,  it 
had  been  made  capable,  as  was  supposed,  of  running  smoothly  around 
curves  of  1,000  feet  radius.  The  connecting-rods  were  made  with  lateral 
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joints  to  avoid  strain.  It  was  a tine  pioce  of  work,  l)ut  lacked  the  flexi- 
bility and  easiness  which  are  best  seen  in  the  Anierieau  typo  of  locomo- 
tive. As  a specimen  of  goo<l  Work,  it  was  unsurpassed.  The  niimiug. 
gear  was  all  of  steel.  Its  tender  was  not  exhibited,  but  was  said  to  have 
a weight,  loaded,  of  about  18  ions. 

A pump  and  injector  were  attached,  the  former  on  the  right,  the 
latter  on  the  left  hand  side  of  the  engine.  The  Lo  Chatelier  counter- 
pressure  brake  is  used,  and  a screw-brake  is  also  attached. 

The  wheels  were  47 J inches  in  diameter,  and  their  axles  were  spaced 
about  4^  feet  apart,  giving  a wheel-base  of  12§  feet.  The  boiler  was  5 
feet  diameter  of  shell  and  22i  feet  long;  the  tubes  were  2 inches  in 
diameter,  IG  feet  long,  and  one-tenth  of  an  inch  thick.  Steam-pressure 
was  to  be  carried  at  about  125  pounds  per  square  inch. 

72.  The  other  locomotives  in  the  French  section  were  exhibited  by 
MM.  Clapauede  and  by  La  Compaonie  de  Fives- Lille.  That  of  the 
first-named  firm  was  a plain  machine  of  ordinary  finish,  and  seemed  a 
serviceable  engine.  It  had  six  wheels,  all  coupled.  The  cylinders  were 
19  inches  (0.48  meter)  diameter  and  2G  inches  (0.05  meter)  stroke.  It  was 
designed  by  M.  Forquenot,  the  engineer  of  the  Paris  and  Orleans  Railroad 
Company.  The  diameter  of  wheels  was  feet;  length  of  wheel-base, 
Hi  feet;  and  its  width  from  frame  to  frame  was  4 feet.  The  boiler  had 
a shell  4h  feet  in  diameter,  of  one-half-inch  iron,  with  2-inch  tubes  UJ 
feet  long.  The  heating-surface  was  about  1,050  square  feet;  grate-sur- 
face, IG  square  feet.  The  engine  weighed  35  tons  empty,  or  38  tons  on 
the  line.  A stay-plate  at  the  middle  of  the  boiler  supports  the  tubes; 
the  piston  rods  pass  through  both  heads.  Many  of  the  details  of  this 
engine  seemed  badly  jnoportioned  and  awkwardly  arranged. 

73.  The  engine  of  the  second  exhibitor  was  a small  tank-engine  with 
six  wheels,  all  coupled  and  fitted  to  a track  of  one  meter  (3.28  feet)  breadth 
of  gauge.  The  weight  of  the  engine  was  but  14  tons,  and  its  cylinders  had 
a diameter  of  10  indies  (0.25  meter)  and  a stroke  of  piston  of  14J  inches 
(0.3G  meter.)  It  was  claimed  to  be  capalile  of  drawing  220  tons  20  kilo- 
meters (twelve  and  one-half  miles)  per  hour  on  a level  track.  The  dis- 
tance between  forward  and  after  axles  was  1.72  meters,  (5  feet  8 inches,) 
and,  as  is  usual  iii  American  practice,  the  middle  pair  of  wheels  were 
fitted  with  tires  without  flanges.  It  might  be  expected,  therefore,  to 
move  freely  on  a sharp  curve. 

A Friedmann  injector,  a form  which  seems  a favorite  in  Europe,*  and 
a pump  were  attached  to  the  boiler. 

74.  The  Belgian  loco3iotives  exhibit  fairly  the  excellent  position 
which  their  manufacturers  have  assumed  iu  Europe.  They  are  only 
second  to  those  of  Great  Britain,  although  both  France  aud  Switzerland 
are  rivaling  them  very  closely. 

It  lias  now  been  introduced  into  the  United  States  by  Messrs.  Nathan  A Dreyfus. 
Giffard’s  injector,  and  its  modifications,  seem  to  bo  more  exclusively  used  iu  Europe 
than  in  the  United  States. 
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The  SociETE,  John  Cockerill,  of  Seraiug,  exhibited  two  machioes, 
of  good  desigu  and  plain  finish,  which  seemed  capable  of  making  ex- 
cellent performance.  The  larger  one  was  intended  for  an  Italian  road 
which  had  already  purchased  nearly  fifty  locomotives  from  the  same 
builders.  This  engine  carries  injectors  under  the  foot  plate.  The  pis- 
ton-rods are  carried  through  both  cylinder-heads,  a plan  which  has 
manifest  objections  and  which  has  been  adopted  to  overcome  difficulties 
which  are  perhaps  imaginary  rather  than  real.  The  smaller  engine  is  a- 
plain  contractors^  tank-engine,  which  requires  no  special  notice. 

75.  The  Grand  Central  Railway,  of  Belgium,  exhibited  a passen- 
ger locomotive  built  by  the  Socidte  Anonyme  de  Couillet,  as  one  of  a 
lot  of  tweuty-fiv^e  built  on  one  order.  They  are  intended  to  draw  trains 
of  twenty  or  more  carriages,  at  a speed  of  over  thirty-five  miles  per 
hour,  over  a road  having  gradients  of  20  to  50  feet  per  mile.  The  en- 
gine has  six  wheels,  four  ot  them  coupled.  The  cylinders  are  0.44 
meter,  (17^  inches,)  with  a stroke  of  piston  of  0,60  meter,  (24  inches.) 
The  wneight  of  the  engine  ready  for  work  is  33  tons.  This  engine  is 
most  creditable  in  general  design,  in  material,  and  in  workmanship. 
The  steam  cylinders  are  placed  between  the  leading  and  middle  wheels, 
the  trailiug-wheels  being  the  drivers.  Immensely  long  guide-bars,  a 
Walschaert  main-valve  gear,  with  the  Guinotte  expansion-gear,  are  the 
peculiarities  ot  this  engine.  The  main  valv^e  is  always  kept  at  full  gear 
while  running,  the  point  of  cut-off  being  determined  by  the  expansion- 
gear.  In  reversing,  the  main-valve  gear  is  used,  and  the  point  of  cut- 
off remains  unaltered  by  the  change  of  direction. 

76.  The  Guinotte  valve-gear.— A model  of  the  Guinotte  valve- 


gear  was  exhibited,  which  was  intended  to  facilitate  the  study  by  engi- 
neers of  the  system  of  variable  cut-off  invented  by  that  gentleman.  Its 
construction  is  very  simple,  but  it  requires  some  study  to  be  well  under- 
stood. This  system  has  been  successfully  applied  to  hoisting-engines 
about  three  years.  The  Exhibition  contains  two  characteristic  examples 
of  this  gear:  one  on  a locomotive  of  the  Belgian  Grand  Central  Railroad 
type,  which  is  exhibited  by  the  Societd  Anonyme  de  Marcinelle  et 
Couillet,  and  one  on  a hoisting-engine  of  250  horse-power,  to  be  sent  to 
the  fSociete  de  Kladno,  (Austria,)  exhibited  by  Messrs.  Quillacq  & Co., 

of  Anziu,  (France,  departement  du  nord,)  and  placed  in  Group  1 of  the 
French  section. 

Tfiis  system  of  valve-gearing  consists  of  two  superposed  slide-valves; 

the  second,  or  cut-off  valve,  being  single  and  rigidly  fixed  to  its  valve- 
rod  . 

77.  Figs.  25  and  26  show  its  general  construction  for  a non-reversi- 
ble  engine.  The  crank  is  supposed  to  be  at  its  dead  center.  Mo,  and  the 
direction  of  rotation  is  indicated  by  the  arrow.  The  steam-valve  is 
worked  by  an  ordinary  eccentric,  of  which  the  center  is  at  D.  The  cut- 
off valve  is  worked  by  means  of  the  valve-rod  jointed  to  the  rod  of  the 

cut-off  valve  at  n,  and  to  a connecting-rod,  which  can  be  moved  in  the 
link  C C at  5. 
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This  link  is  worked  : 

1.  At  g by  ail  eccentric  keyed  to  the  main  shaft,  its  radius  being  0 Q 
and  its  center  boingc  at  Q when  the  crank  is  at  My. 

2.  At  h by  an  eccentric,  also  keyed  to  the  main  shaft,  its  radius  being 
O S,  and  its  center  being  at  S when  the  crank  is  at  Mn. 

The  link  is  hung  by  means  of  the  rod  d jointed  to  the  valve-rod  K and 
to  the  lever  L,  which  varies  the  cut*olV.  » 

If  the  link  is  at  At  there  will  be  no  steam  admitted ; if  it  is  placed  at 
A,  steam  will  bo  admitted  while  the  crank  is  revolving  tliroiigli  Mq  Mj, 
and  so  on.  The  admission  can  bo  varied  to  any  extent  from  total  sap- 
pressioii  to  a point  at  which  steam  is  admitted  during  the  whole  stroke, 
the  variation  being  produced  by  moving  the  link-block*  in  the  link. 

Let  us  suppose  the  eccentric  of  the  steam-valve  to  be  represented  by 
its  radius  OD,  (Fig.  27,)  the  crank  being  supposed  to  be  at  Mq.  Draw 
Od  symmetrically  with  OI)  with  reference  to  the  lino  IG,  which  is  per- 
pendicular to  the  lino  Joining  the  two  ilead  centers.  On  Od  asadiame- 
, ter,  draw  the  circle  tto  Ui  fti having  c as  the  center. 

With  O as  a center,  draw  the  circle  Vq  Vi  its  radius  being 

taken  equal  to  the  inside  lap  of  the  edges  of  the  steam  slide-valve,  the 
lap  being  measured  by  o'  r'  in  Fig.  28. 

Draw  the  radius  of  the  crank  (J.M7,  passing  through  the  point  of  in- 
tersection v^  of  the  two  abov’C-nientioned  circles.  The  radius  O^hindi* 
cates  the  position  of  the  crank  when  the  steam-port  of  the  cylinder  is 
cIoscmI,  L e.y  that  position  in  which  the  edges  O'  and  (Fig.  28)  co 
incide. 

With  O as  a center  dra>v  the  circle  Cq  Ci  C2 having  a radius 

equal  to  the  distance  between  the  edge  g of  the  steam-valve  and  the 
edge  z of  the  cut  olT  valve,  when  the  axes  of  symmetry  coincide  as  in 
Fig.  28. 

Through  the  middle  of  Oct  and  perpendicular  to  it,  draw  the  line  wW 
upon  the  radius  OMt  ; through  the  point  C7  draw  po 
Draw /0/7  parallel  to  tha  lino  po  07  and  on  the  other  side  of,  and  equally 
distant  from,  the  center  c.  Finally  draw  the  line  F©  F7  symmetrical  to/o 
/7,  with  reference  to  the  line  IG. 

The  first  part  of  the  problem  w'ill  be  solvx'd  when  we  have  found  the 
line  Fq  F7.  It  can  be  clearly  shown  that  if  tlie  cut-otf  valve,  instead 0 
being  worked  by  an  eccentric  of  a fixed  throw,  be  worked  by  an  eccen- 
tric of  a variable  throw,  and  whose  center  could  be  displaced  at  wi 

along  the  straight  line  joining  F©  and  F7  (so  as  to  make  the  lines  joiam? 
the  different  points  of  F©  F7  with  the  center  O express  the  differen^ 

* Those  who  desire  to  study  the  subject  thoroughly  uiiiy  consult  the  follow  itij,  sp** 
memoirs,  iu  which  the  subject  has  been  fully  treuletl : 

£tud€  (jaMe  sur  la  difUnie  variable.  Lidge,  IfT-A  , 

Variable  expansion  gear,  dtwignod  by  M.  Lucieii  Guiiiotte,  director  of  the  Mane 
aud  ilascoup  collieries,  Belgium. 

Engineering,  September  20,  1871. 

Les  Houilleries  eu  1872,  par  Ani<^‘d<5e  Burnt.  Paris,  1872. 
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sible  lengths  and  positions  of  the  radius  of  the  eccentric,  the  crank  be- 
ing supposed  to  remain  at  OMq,)  then  the  period  of  the  admission  of  steam 
into  the  cylinder  would  be  varied  at  will,  from  no  admission  ui3  to  full 
admission. 

To  indicate  the  method  of  Ending  the  position  of  the  center  of  the  ec- 
centric for  every  period  of  admission,  as,  for  example,  that  corresponding 
to  the  movement  of  the  crank  from  Mo  to  Mi : 

On  the  radius  OMi,  and  through  the  middle  point  V of  Oci,  erect  a 
j)erpendicular  Fsi.  This  will  cut  uW  in  Si.  Draw  the  straight  line  Osi 
and  prolong  it  until  it  intersects  the  line  po  in  Pi*  Join  c and  by  a 
straight  line,  and  continue  it  until  it  cuts /o /Tin /i.  Through/  draw  a 
perpendicular  to  IG  and  prolong  it  until  it  cuts  the  line  Fq  Ft  in  Fi. 

Fi  is  the  point  sought,  being  the  i^osition  of  the  center  of  the  eccen. 
trie  for  the  admission  Mo  Mi,  when  the  crank  is  at  Mo. 

Proceeding  in  the  same  manner  with  the  radii  OMo  and  OMt,  the  ex- 
treme points  Fo  and  Ft  of  the  throw,  which  the  centet  of  the  eccentric 
should  be  capable  of,  to  produce  a variation  in  the  period  of  admission, 
within  the  limits  mentioned  before,  are  found. 

In  the  same  manner,  by  operating  upon  the  radius  OM2,  the  position 
F2,  which  the  center  of  the  cut-off’s  eccentric  should  occupy  for  the  period 
of  admission  corresponding  to  the  travel  M°  M2,  of  the  crank,  is  ob- 
tained. 

Theoretically,  in  Fig.  27,  the  port  of  the  cut-off*  valve  will  re-open,  for 
all  periods  of  admission  when  the  radius  of  the  crank  arrives  at  O Mn, 
the  moment  when  the  steam-port  is  closed  by  the  steam-valve.  This 
arrangement  would  evidently  not  be  efficient,  as  the  slightest  wear  would 
destroy  the  proper  distribution  of  steam.  Fig.  27  must  be  modified  to 
make  the  distribution  a practicable  one,  as  shown  in  Fig.  29.  This  dif- 
fers from  the  first  in  the  following  particulars : 

1st.  Instead  of  being  constructed  upon  the  radius  O M^,  the  drawing 
is  made  by  taking  the  radius  OQ.  When  the  crank  assumes  the  posi- 
tion of  this  radius  the  steam- valve  covers  the  port  by  an  amount  equal 
to  T g. 

2d.  The  line  U W,  or  0^  U,  is  replaced  by  the  line  0^  0^  5 the  line  p^ 
C'l  is  replaced  by  Pt* 

By  inspecting  Figs.  27  and  29  we  may  infer  immediately  what  effect 
this  change  will  have  upon  the  line//,  and  upon  the  line  F^  Ft. 

78.  It  now  remains  to  realize  in  practice  the  principle  enunciated  above, 
as  found  and  demonstrated.  In  other  words,  we  must  obtain  the  same 
result  as  if  the  center  of  the  cut-off  eccentric  could  be  moved  at  will 
along  the  line  Fo  Ft,  determined  in  the  manner  just  shown. 

Keturning  to  Fig.  25,  in  which  the  line  F^  Ft  has  the  same  significance 
as  in  Figs.  27  and  29,  the  crank  is  supposed  to  be  at  M^,  and  the  two 
eccentrics  OQ  and  OS  drive  the  points  q and  s of  the  link.  If  the  ec- 
centric rods  are  long  enough,  and  if  the  curvature  of  the  link  is  not  too 
sharp,  (this  can  always  be  easily  realized,)  then,  without  an  appreciable, 
error — 
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Ist.  We  can  substitute  for  the  geometrical  motion  of  the  curved  line 

x-j,  that  of  the  straight  line  q s,  passing  through  the  joints  of  the  ec- 
centric rods. 

2d.  We  can  say  that,  when  the  system  is  set  in  motion,  the  points  q 
and  s will  move  in  the  same  manner  as  the  projections  of  the  eccentrics 
Q and  S upon  the  axis  OMo. 

It  is,  therefore,  easy  to  show  that  any  point  tj  of  the  line  q 5,  will 
move  with  the  projection,  upon  the  axis  OMo,  of  a point  T,  which  is  the 
extremity  of  an  imaginary  eccentric  OT,  so  determined  that 

Q T q i 
T S-  ts 

Similarly  the  other  points,  Xq^I,  x-i of  the  link  will  move,  as  if 

they  were  worked  by  eccentrics  O Fq,  O L,  O F7,  those  points  being  such 
that 


F„8 

X'o  S 

Fo  Q - 

x'aq 

L S 

V s 

I 

II 

Fq 

F„  S 

X^-j  it 

Fj,  tJ- 

x'Tq 

It  follows  that  by  moving  the  connecting-rod  to  different  points  along 
the  link,  the  cut-off’  valve  will  receive  diff’erent  and  varying  motions,  as 
if  the  center  of  the  cut-off’  eccentric  had  been  moved  along  the  line 
F7.  The  cut-o'ff  will  therefore  be  variable  within  the  widest  limits. 

The  object  of  the  construction  shown  in  Figs.  25  and  2(1  was  to  assist 
in  explaining  the  system  and  in  resolving  the  principles  which  unite  in 
the  solution.  This  arrangement  is  not  usually  employed.  That  shown 
in  Figs.  30  and  31  is  at  once  more  simjde,  more  elegant,  more  exact,  and 
easier  in  its  apjdication,  and  it  requires  but  a single  eccentric.  In 
describing  it  we  will,  at  the  same  time,  employ  Fig.  31,  which  gives  the 
proportions  of  all  parts. 

O D always  represents  the  radius  and  the  throw  of  the  eccentric  of 
the  steam-valve,  the  crank  being  at  Mq.  The  line  Fo  F7  or  the  line  con- 
necting the  centers  of  the  cut  off  eccentrics  having  the  same  significance 
as  in  the  preceding  figures,  intersects  the  lino  of  dead  points  Mo  OinX 
An  eccentric  O X,  opposite  to  the  crank,  moves  the  point  x of  the  cut- 
off link,  and  simultaneously  the  extremity  of  a lever,  x 0 vibrating 
about  a fixed  0.  The  point  t receives  the  same  motion  as  though  it  were 

attached  to  an  imaginary  eccentric  O T,  such  that  S-S  = — * The 

motion  of  t is  communicated  to  the  joint  of  the  lever  V d q^  by  means 
of  the  rod  1 1'.  This  lever  is  jointed  to  the  valve-stem  of  the  steam - 
valve  at  d — a point  which  partakes  of  the  motion  of  the  steam-valve 
eccentric  O D. 

Join  T and'D  and  prolong  the  line  to  Q.  The  points  t'  and  d,  of  the 
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lever  V d q,  being  moved  like  the  projections  of  the  eccentrics  T and  D, 

a third  point,  q,  so  situated  that  ^7  = will  move  like  the  projection 

of  an  eccentric  O Q j that  is,  it  will  be  moved  as  though  it  were  actu- 
ated by  an  eccentric  O Q.  The  same  end  will  be  attained  by  communi- 
cating this  motion  to  the  point  q of  the  link  by  means  of  the  rod  q q'. 
The  combination  of  levers  to  x and  t' d q then  allows  the  eccentric  O Q 
to  be  dispensed  with,  and  the  obliquity  of  the  eccentric-rods  to  be 
avoided. 


79.  This  construction  being  understood,  we  may  consider  the  applica- 
tion of  the  system  to  engines  having  a reversing  motion. 

The  crank  being  at  Mo,  (Fig.  33,)  the  center  of  the  steam-valve  eccen- 
tric is  at  D when  the  engine  moves  in  the  direction  of  the  arrow  Z,  and 
at  D'  when  the  engine  moves  in  the  direction  of  the  arrow  Z'. 

Let  us  consider  the  two  directions  of  motion  separately— first  the 
eccentric  D,  and  then  the  eccentric  D',  as  for  an  engine  having  but  one 

direction  of  motion.  We  will  then  find  the  line  of  Fq  Fi F^,  to 

be  the  line  of  centers  of  the  cut-off  eccentrics  for  the  direction  of  motion 

Z,  and  the  line  F^o  F^i F^iy  for  the  direction  Z^  These  two  lines 

will  intersect  at  X,  on  the  line  of  dead-centers  Mq  O,  being  the  prolonga- 
tion of  the  radius  of  the  crank.  One  of  the  points  of  the  link  can  then 
be  marked  by  an  eccentric  OX,  and  the  motion  of  this  point  will  follow 
equally  well  the  direction  Z and  the  direction  Z'. 

The  problem  is  then  to  obtain  another  point  of  the  cut-off*  link,  such 
that  no  additional  operation  is  required  in  reversal  of  the  motion.  This 
is  done  by  adapting  the  construction  seen  in  Figs.  30  and  32,  which 
is  given  for  reversible  engines  in  Figs.  34  and  36.  The  design  shown 

in  Jig.  35  represents  the  proportions  ot  the  parts,  their  number  not 
having  been  increased. 


When  motion  takes  place  in  the  direction  Z,  the  point  V,  of  the  lever 
i' d g,  is  moved  as  though  it  were  worked  b^y  an  eccentric  OD  ; the 
point  d is  moved  as  though  it  were  worked  by  an  eccentric  OD.  There- 
fore the  point  q,  and  the  point  cf  of  the  link,  moA  e as  though  actuated 
bj"  an  eccentric  OD. 


Suppose  the  motion  reversed  by  the  ordinary  means,  and  taking  place 
in  the  direction  Z' . The  point  V will  have  the  same  motion  as  before, 
but  the  point  d will  move  as  though  it  were  worked  by  an  eccentric 
OD',  instead  of  OD,  and  hence  the  point  and  the  point  cj'  of  the 
link,  will  be  worked  by  an  eccentric  OQ'. 

The  line  joining  the  two  points  of  application  of  the  driving  force  at 

a?  and  r/'  will  then  represent  the  line  XQ  for  the  motion  Z,  and  the  line 
XQ'  for  the  motion  Z'. 


This  also  may  be  stated  thus: 

In  changing  the  position  of  the  lever,  the  position  of  the  point  g'  of 
the  link  will  change  of  itself,  and  the  link  will  represent  the  line  F^ 
F7,  accordingly  as  the  reversing  lever  is  thrown  to  one  side  or  to  the 
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Other.  Otherwise  stated,  the  reversal  of  the  motion  does  not  merely 
reverse  the  position  of  the  steam-valve,  but  it  also  changes  the  cut  off 
valve,  so  that  this  is  also  set  properly  for  the  opposite  direction  of  motion 
of  the  engine.  The  ])eriod  of  admission  will  not  be  changed’.  This 
result  is  obtained  without  the  use  of  additional  lovers,  and  the  engineer 
has  nothing  more  to  do  than  in  the  case  of  simple  reversing  engines 
without  cut-off.  The  lever  for  the  variable  cut-off  should  be  worked 
for  no  other  purpose  than  to  change  the  period  of  admission. 

80.  The  preceding  statement  is  snlffcient  to  show  to  how  many  differ- 
ent combinations  this  system  may  be  applied,  and  to  show  how  easy  it 
is  to  apply  it  in  each  particular  case.  Space  will  not  permit  entering 
into  detads,  and  we  will  only  consider  two  or  three  cases,  showing  some 
remarUable  peculiarities.  First,  however,  the  attention  should  be  drawn 
to  a point  of  great  importance  in  all  reversing  LM)gines. 

One  of  the  principal  conditions  to  bo  realized  in  these  engines  is,  to 
avoid  increasing  the  difficulty  which  the  engineer  meets  with  in  work- 
ing his  reversing-lever.  This  condition  is  evidently  realized.  Not  only 
does  the  cut-off  valve  have  an  extremely  small  area,  (much  smaller  than 
that  of  the  cut-off  valve  of  any  other  system,)  but  the  conneeting  link 
is  in  such  a position  that  tlie  imffion  which  the  engineer  gives  to  the 
valves  in  reversing  is  identically  the  same  for  both  steam  and  cut-off 
valve. 

It  follows,  therefore,  that  the  resistance,  which  ho  must  overcome,  is 
the  same  as  though  he  only  had  to  move  the  steaui-valve,  for  the  cut- 
off valve  moves  simultaneously,  and,  therefore,  does  not  produce  extra 
friction.  The  position  of  the  connecting-link  is  that  which  corresponds 
to  the  point  in  of  the  line  F©  F7  on  the  slot,  in  Fig.  ‘J9.  This  point  hi 
is  formed  by  drawing  a line  parallel  to  the  line  of  dead-centers  tlirougli 
]),  until  it  intersects  F©  F7  in  m.  The  model  exhibited  this  tact.  It 
may  also  be  easily  demonstrated  theoretically.  This  position,  which 
maybe  called  the  icorkhuj  poaition^  \»  constant  on  the  index-sector  of 
the  cut-off  lever.  It  generally  corresponds  to  the  point  of  lull  adiiiissioii. 

Tlie  motion  of  the  itteain-valve  on  the  locomotive  exhibited  by  the 
Soci6t6  de  Couillet  is  of  tlie  Walschaertz  system,  wliich  has  but  one 
eccentric,  and  the  Guinotte  system  of  cut-olf  is  applied  without  adding 
a second  eccentric.  That  usually  employed  is  replaced  by  a leveii 
worked  by  the  cross-head,  as  ^yalschaertz  moves  liis  steam-valve. 

81.  The  hoisting-engine  exhibited  by  Messrs.  Qnillacq  & Co.,  shows 
another  arrangement.  It  is  shown  in  Fig.  87,  and  Fig.  38  shows  t e 
result  obtained  for  different  periods  of  admission. 

The  full-lined  curve  shows  the  position.s  of  the  steam-valve  for  differ 
ent  positions  of  the  piston.  The  distance  between  the  curve  and  I 
of  the  points  of  re-opening,  x and  z,  indicates  the  opening  of  the  steam 

port  for  each  point  in  the  stroke  of  the  piston.  .. 

The  dotted  lines  indicate  the  closing  of  the  steam-porta  by  thecu  0 
valve,  according  to  the  position  occupied  by  the  connecting-rod  lu 
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link.  Tlie  lines,  marked  with  the  same  letter,  correspond  to  the  front 
and  the  back  ends  of  the  cylinder,  the  position  of  the  connecting-link 
being  the  same. 

The  reverse  motion  gives  a construction  which  does  not  differ  materi- 
ally from  the  preceding. 

Finally,  in  Fig.  39  is  shown  the  arrangement  adopted  in  several  cases 
already  for  the  slide-valves  of  powerful  hoisting-engines.  As  shown, 
the  steam-ports  are  divided  into  two  parts,  and  the  expansion-valve  is 
formed  of  three  pieces,  bound  firmly  together  and  constituting  but  a 
single  piece.  This  arrangement  increases  the  bearing  surfaces  of  the 
valves  slightly,  but  it  also  decreases  the  length  of  travel ; therefore,  the 
reversing-lever  moves  easily.  Repeated  trials  indicate  that  a man  of 
ordinary  strength  can  easily  handle  a pair  of  engines  of  47J  inches 
diameter  of  cylinder,  provided  with  the  expansion-gearing,  where  the 
valves  are  arranged  as  shown  in  Fig.  39. 

Another  advantage  of  this  system  of  expansion-gear,  peculiar  to 
hoisting-engines,  is  that  it  affords  a complete  solution  of  the  problem  of 
the  regulation  of  such  engines. 

82.  The  expansion-gear  may  be  made  continually  variable  automati- 
cally, according  to  any  law  which  may  serve  to  establish  a constant 
equilibrium  between  the  driving  force  and  the  resistance.  All  that  is 
necessary  for  this  purpose  is  that  the  connecting-link  of  the  expansion - 
gear  be  moved  by  the  engine  itself,  instead  of  being  worked  by  the  en- 
gine-driver. The  model  exhibited  at  Vienna  was  made  to  illustrate  both 
cases.  By  connecting  the  forward  with  the  backing  gear  thus  arranged, 
the  model  is  made  to  illustrate  the  case  of  a hoisting-engine,  the  power 
of  which  varies  at  every  instant,  according  to  a law  determined  by  the 
curvature  of  the  lever  on  either  side  the  endless  screw  driven  by  the 
main  shaft.  A mere  inspection  of  the  model,  as  of  the  engine  exhibited 
by  Quillacq  & Co.,  shows  the  arrangement  perfectly.  It  is  also  shown 
in  Fig  40. 

The  two  nuts  E E'  press  upon  the  two  levers  L L'.  The  motion  of 
translation  of  one  nut  is  communicated  to  the  side-lever  L,  and  thus  dis- 
places the  connecting-link  of  the  expansion-gear.  When  one  of  the 
nuts,  as  E,  has  reached  the  end  of  its  travel,  and  has  thus  pushed  its 
lever  L entirely  out,  it  has  produced  the  maximum  of  expansion  neces- 
sary, and  this  lever  is  allowed  to  regain  its  original  position  by  means 
of  the  counterweight  T.  This  produces  a full  admission,  and  prepares 
the  second  lever  L'  for  the  action  of  its  nut  E'.  The  two  levers  connected 
together  are  relieved  simultaneously. 

At  the  succeeding  motion,  the  nuts  return  to  their  positions  and  the 
nut  E'  acts  upon  the  lever  L',  in  the  manner  already  described. 

The  irregularity  of  resistance  when  heavy  loads  are  to  be  lifted  from 
a great  depth  being  unfavorable  to  the  action  of  the  engine,  it  has  been 
attempted  to  diminish  it.  In  some  cases  the  radius  of  the  hoisting - 
drum  is  made  very  small,  in  order  to  compensate  the  variation  in  the 
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rcsistiiiicG  l)y  <iii  inverse  viirijitioii  of  tlio  lov’er-tirtn  j this,  however,  pro- 
diiees  vapid  wearing?  of  tlie  ropes,  and  such  a number  of  revolutions  is 
required  to  raise  the  load,  that  the  hoisting:  is  done  very  slowly,  and  the 
engine  works  under  unfavorable  conditions.  In  other  cases,  counter- 
weights are  used  to  regulate  this  action,  but  a considerable  resistance  is 
thereby  added,  and  sometimes  a considerable  extra  expense.  These  ex- 
pedients are  evidently  imperfect,  since  their  object  is  to  render  a force 
constant  which  is  variable.  It  is  much  simpler  to  allow  the  irregularity 
of  the  resistance  to  remain,  and  to  apply  a force  which  is  correspond- 
ingly variable.  This  is  the  method  which  should  naturally  be  first 
attempted. 


Experiment,  as  the  inventor  claims,  has  already  decided  this  ques- 
tion, and  the  application  of  the  Guinotte  .system  to  hoisting  engines 
certainly  alfords  a simpler  and  more  ellicient  arrangement  than  the 
preceding  methods. 

It  seems  to  the  writer  somewhat  doubtful  whether  this  arrangement 
would  obtain  favor  with  either  engineers  or  builders  in  the  United  States- 
It  is,  however,  stated  that  the  engines  titled  with  it  are  veVy  economical 


in  their  consumption  of  fuel,  ainl  many  European  engineers  look  upon 
.the  device  with  great  favor. 

83.  The  Sooi6t6  GtoNJ-:uAL  d’Exploitation  des  Ciieimins  de  Fee, 
of  Turbize,  exhibited  a fine-looking  locomotive,  whicli,  however,  does 
not  require  special  notice. 

Tlie  most  remarkable  engine  was  that  of  Carels,  of  Ghent,  shown  in 
the  accompanying  plate.  Fig.  41.  This  was  a six-wheeled  coupled  pas- 
senger-locomotive, in  which  the  steam-cylinder  is  mounted  above  the 
wheels  in  the  horizontal  line,  and  drives  through  a vertical  working- 
beam,  3 feet  7 indies  between  end  centers.  Tliis  arrangement,  which 


was  many  years  ago  proposed  both  in  the  United  States  and  Great 
Britain,  is  here  attributed  to  M.  Belpaire,  the  distinguished  inspector- 
general  of  the  Belgian  railways.  It  is  claimed,  and  jirobahly  correctly, 
to  give  much  greater  steadiness  at  high  speeds  in  consequence  of  the 
counterhalancing  of  the  recijirocating  parts  tlius  secured.  It  is  also 
considered  to  have  important  advantages  in  bringing  the  cross-bead  and 
other  jiarts  higher  above  the  rail,  where  tliey  will  be  less  exposed  to 
injury  by  dirt  and  dust,  and  where  they  are  directly  under  the  eye  of 
the  fireman,  and  where  also  they  are  accessible  for  oiling  at  any 
In  this  engine  greater  care  lias  been  taken  tlian  is  usual  with  Enropeau 
builders  to  equalize  the  weights  upon  the  several  axles.  None  seem  to 
have  succeeded  as  well  as  our  own  manufacturers.  The  valve  of  each 
cylinder  is  driven  from  the  cross-head  of  the  opposite  engine.  The  finis  ^ 


of  the  engine  was  not  remarkably  good. 

84.  Russian  and  Italian  locomotives. — Russia  and  Italy  exhibitet 
locomotive.s.  The  Russian  engines  are  extremely  creditable  iiie\ery 
respect,  and  are  very  nearly  equal  to  those  of  the  British  constructors, 
from  whose  designs  they  seem  to  have  been  copied.  The  Italian  eiigmes, 
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like  all  of  the  machinery  from  that  country  which  came  to  my  notice  in  the 
Exhibition,  did  not  compare  favorably  with  the  exhibits  of  other  coun- 
tries. Attempts  at  original  design  were  very  unsuccessful,  the  materials 
used  were  not  of  superior  quality,  and  the  workmanship  and  tiuish  were 
invariably  inferior. 

85.  German  and  Austrian  locomotives. — Germany  and  Austria 
each  exhibited  a large  collection  of  locomotives,  among  which  were  many 
of  excellent  design  and  fine  workmanship. 

Bosig,  of  Berlin,  Sigl,  of  Vienna,  Krauss  & Co.,  of  Munich,  the  Ma- 
8cliinen=fabrilc  und  Uisengiesserei,  Darmstadt,  are  among  the  most  promi- 
nent of  the  exhibitors. 

86.  The  Staats  Eisenbahn=Gesellsohaft  exhibited  some  excep- 
tionally fine  engines.  The  latter  are  distinguished  by  the  substitution, 
to  some  extent,  of  wrought  for  cast  iron  in  parts  usually  constructed  of 
the  latter  material,  and  by  the  use  of  “hydraulic  forgings.” 

The  Austrian  ^^Staats  Eisenbahn=Gesellschaft’’  issued  to  members  of  the 
International  Jury  a very  interesting  collection  of  lithographed  outline- 
drawings  of  the  locomotives  built  for  the  Austrian  railroads  at  their 
works  during  the  past  thirty-five  years,  which  supplemented  well  the 
very  excellent  exhibit  made  by  them  at  the  Ausstelhmg. 

87.  This  locomotiv^e-building  establishment  was  founded  in  the  year 
1839,  under  the  directorship  of  Herr  Mathias  von  Schonerer.  There 
was  then  no  other  iron-works  and  foundery  in  Vienna.  The  first  loco- 
motive was  built  from  American  designs,  as  shown  in  the  accompanying 
plate.  Fig.  42,  (Type  1,)  and  was  first  placed  on  the  road  in  1841,  at  the 
opening  of  the  Vienna  and  Gloggnitz  Eailroad. 

In  1855  the  works  were  enlarged  under  General-Director  Jacquse 
Maniel,  and  under  his  direction  were  built  over  fifty  different  styles  of 
engines.  A freight-engine  with  six  coupled  drivers  was  built  in  1846. 
An  eight-wheeled  engine  was  built  in  1855,  and  exhibited  at  Paris. 
The  play  given  the  rear  driving-axle  of  this  engine  permitted  it  to  pass 
around  sharp  curves  with  a facility  which  was  then  considered  remark- 
able. 

A locomotive  was  exhibited  which  was  built  in  1870,  the  thousandth 
engine  built  by  this  company.  It  had  been  in  service  three  years,  and 
was  in  excellent  order. 

The  express-engine  Duplex,  exhibited  in  the  same  collection,  was  a 
four-cylinder  engine,  which  was  placed  in  the  London  Exhibition  of  1862. 
A ten-wheeled  locomotive,  the  Steyerdorf,  was  said  to  be  capable  of 
readily  passing  the  shortest  curves  on  the  Austrian  roads.  It  had  been 
exhibited  both  at  London  in  1862  and  in  Paris  in  1867. 

88.  The  accompanying  sketches  (Figs.  42-47)  are  copied  from  those 
furnished  the  jury,  and  the  dimensions  given  with  each  will  enable  the 
experienced  builder  to  read  all  important  particulars  at  a glance.  This 
collection  illustrates  the  gradual  change  of  style  and  dimensions  taking 
place  decennially  from  the  date  of  the  erection  of  these  works  to  the 
present  time. 
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K.  K.  Prir.  Staata-KiHenhahn-GcscUscliaJi. — Type  1,  tHiR  1840. 


Diameter  of  drivinjf-wheels,  meters 1.264 

Diameter  of  leading-wheels,  meters 0.790 

Wheel-base,  meters 2.845 

Diameter  of  boiler,  meters 0. 048 

Thickness  of  boiler-shell,  meters..... 0.009 

Pressure  in  atmospheres 5.5 

Number  of  tubes 75 

Diameter  of  tubes,  meters 0.052 

Length  of  tubes,  meters 2. 450 

Area  of  tubes,  surface,  square  meters 30. 4 

Total  area  of  heating-surface,  square  meters  33. 5 

Total  area  of  grate-surface,  square  meters 0.74 

Weight  on  driving-wheels,  kilograms...... 10,510 

Weight  of  engine,  kilograms 16,805 

Weight  of  engine  empty,  kilograms 14,560 

Extreme  length,  meters ....*. «-•  004 

Extreme  breadth,  meters 2. 250 

Extreme  height,  meters 3.025 


AUSTRIAN  LOCOMOTIVES. 


73 


B — 

i 1 := 

t , =-Lj 

1 — 

Fig.  43. 


K.  K.  Priv.  Staats-Eisenhahn-Gcsellschaft. — Type  12,  built  1850. 


Diameter  of  driving-wheels,  meters 1. 264 

Diameter  of  leading- wheels,  meters 0.791 

Wheel-hase,  meters 3. 747 

Diameter  of  boiler,  meters 1. 160 

Thickness  of  boiler-shell,  meters 0. 013 

Pressure  in  atmospheres 5. 5 

Number  of  tubes 134 

Diameter  of  tubes,  meters 0. 052 

Length  of  tubes,  meters 4.  534 

Area  of  tubes,  surface,  square  meters JOO.  5 

Total  heating-surface,  square  meters 108. 5 

Total  grate-surface,  square  meters 1.5 

Weight  on  driving-wheels,  kilograms 9,240 

Weight  of  engine,  kilograms 29, 120 

Weight  o^  engine  empty,  kilograms 26, 320 

Extreme  length  of  engine,  meters 8. 676 

Extreme  breadth  of  engine,  meters 2. 425 

Extreme  height  of  engine,  meters 4.557 
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Fio.  44. 


K.  K.  Priv.  Staaia-KiBenbahn-deneliHcfu^-^Type  32,  built 


Diameter  of  wheels,  meters 2.055 

Diameter  of  luaditij^-whoels,  meters 1.264 

Wheel-base,  meters 3 479 

Diameter  of  boiler,  meters.................. 1.212 

Thickness  of  boiler-shell,  meters 0.013 

Pressure,  in  atmospheres 8 

Number  of  tubes 160 

Diameter  of  tubes,  meters 0.052 

Length  of  tubes,  meters 4. 429 

Area  of  tubes,  surface,  square  meters 117.2 

Total  beating-surface,  sriuaro  meters 125.0 

Total  grnte-surface,  square  meters...... 1*4 

Weight  on  driving-wheels,  kilograms 12,500 

Weight  of  engine,  kilograms  32,200 

Weight  of  engine  empty,  kilograms 29,600 

Extreme  length  of  engine,  meters.... .... ...... ...... ......  -•••  8.370 

Extreme  breadth  of  engine,  meters....... 2.681 

Extreme  length  of  engine,  meters. 4.653 
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-2r.  Priv.  Siaats-Eisenhahn-GesellscJiaft. — Type  49,  built  1869.  HalVs  system. 


Diameter  of  driving-wheels,  meters 1.580 

Diameter  of  leading-wheels,  meters 1. 106 

Diameter  of  boiler,  meters 1. 264 

Thickness  of  boiler-plates,  meters . Oil 

Pressure  in  atmospheres - 9 

Number  of  tubes 162 

Outside  diameter,  meters 0.052 

Outside  length,  meters 4.  477 

Area  of  tube-heating-surface,  square  meters 120 

Total  heating-surface,  square  meters 229 

Total  grate-surface,  square  meters 1. 925 

Weight  on  axles,  kilograms 35, 000 

Extreme  length  of  engine,  meters 9.  067 

Extreme  breadth  of  engine,  meters 2.687 

Extreme  height  of  engine,  meters 4.  583 

Wheel-base  of  engine,  meters 3.423 
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K.  K.  Priv.  Slaatt~Ei*cnhahn-(h'»dhchoft» — 'Pypc  51,  built  in  1871. 


Diamotor  of  driving-whuols,  moters 

Wheel'lia^io,  metorn  

Diameter  of  boiler,  metora 

Thickueas  of  boilor-abcll,  metora 

Proaaiire  ia  atmoapherea 

Number  of  tubea 

« 

Outaide  diameter  of  tubea,  luetera 

Length  of  tubea,  metera a 

Area  of  aiirface  of  tubea,  aquare  metera 

Total  heating-Hurfaco,  aqiiaro  metera 

Total  grate-surface,  square  metera 

Total  weight  on  drivers,  kilograms 

Weight  of  engine  empty,  kilograms 

Extreme  length  of  engine,  metera 

Extreme  breadth  of  engine 

Extreme  height  of  engine 


1.106 

3.560 

1.430 

0.015 

9 

205 
0.052 
4. 760 
159.3 
170 
2. 16 
50,750 
45,191 
9.620 
2.800 
4.400  , 
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K.  K.  Priv.  Staats-Eisenhahn-Gesellsehaft. — Type  54,  huilt  in  1873.  HaswelVs  system. 


Diameter  of  driving-wheels,  meters 0. 720 

Wheel-base,  meters 2.  400 

Diameter  of  boiler,  meters 1. 120 

Thickness  of  boiler-shell,  meters 0. 010 

Pressure  in.  atmospheres 12 

Number  of  tubes 102 

Outside  diameter  of  tubes,  meters. 0.  052 

Area  of  surface  of  tubes,  square  meters 40. 

Total  heating-surface,  square  meters 46. 

Grate-surface,  square  meters 1.40 

Weight  on  each  axle,  kilograms 5,  000 

Weight  on  axles,  total,  kilograms 20, 000 

Weight  of  engine  empty,  kilograms 18,000 

Length  of  engine  over  all,  meters 6. 170 

Breadth  of  engine  overall,  meters 2.  210 

Height  of  engine  over  all,  meters 3. 500 
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The  ostablishinont  is  now  under  the  direction  of  Mr.  ,T.  llm\n^\\  the 
distinp^iiiahed  engiiic*er  who  has  succeeded  so  well  in  the  iritroductioji 
of  the  hydraulic  press  in  forging. 

Mr.  lias  well  states  that  in  1872  the  works  turned  out  ninety-two  loco- 
motives,  making  a total  of  one  thousand  two  hundred  and  forty-two 
since  the  commonceinent  in  1810. 

89.  Character  of  continental  work — By  far  the  finest  work  of 
continental  mechanics  is  seen  in  this  splendid  collection  of  the  locomo- 
tives built  ill  Gerrnany  and  Austria.  The  designs  are  usually  iiiterme- 
diatc  between  those  of  British  and  of  American  builders.  The  general 
design  is  more  nearly  that  of  the  former.  The  truck,  or  “ bogie,”  nmler 
the  forward  end  of  the  boiler  is  rarely  seen.  The  American  system  of 

equalizers”  is  used  to  a considerable  extent,  and  often  with  much  skill. 
The  “cab”  is  much  more  frequently  met  with  on  continental  than  on 
English-built  engines,  and  is  very  frequently  given  the  form  and  pro- 
portions of  that  detail  as  made  in  America. 

90.  The  frames  of  these  engines,  British  as  well  as  continental,  are 
not  made  of  sipiare  bars  of  forged  iron  as  with  us,  but  are  cut  oat  of 
heavy  roiled  plate,  usually  about  thirty  millimeters  (1.2  inches)  in  thick- 
ness. AW  but  one  of  the  engines  exhibited  have  outside  cylinders. 
The  valves  in  many  instances  are  ilriven  by  eccentrics,  placed  outside 
the  crank-pin  and  wilhout  the  intervention  of  rock-shafts. 

91.  The  boilers  of  some  of  the  lemliug  examples  are  of  what  is  called  in 
Europe  the  “ Belpaire”  style,  in  which  the  llre-hox  end  is  enlarged, 
(Fig.  48,)  somewhat  as  it  is  frequently  done  in  the  United  States,  to 
obtain  a wider  grate  and  a higher  steaiu  space  above  the  crown  sheet. 
Instead,  however,  of  making  this  portion  semi-cylindrical,  as  we  are 
accustomed  to  seeing  them,  tops  ami  sides  are  made  fiat,  forming  a rect- 
angular box,  as  seen  in  the  plate,  with  rounded  corners.  These  flat 
surfaces  are  strongly  stayed,  and  no  difilculty  seems  to  have  been  yet 
ob.served  in  making  or  in  working  them.  The  connection  between  this 
enlarged  part  of  the  boiler  ami  the  remaining  part  of  the  shell  is  not,  as 
in  the  United  States,  made  by  a conlc.vl  portion  which  tapers  fromone 
end,  wliere  it  is  riveted  to  the  fire-box  end,  to  the  other  which  is  riv- 
eted to  the  cylindrical  part  of  the  boiler.  In  these  boilers  the  connec- 
tion is  made  by  a single  sheet  of  heavy  plate,  which  has  a large  hole 
cut  through  it  and  a liange  turned  all  around  its  cinmmference  to  take 
the  .sheets  of  the  small  part  of  the  shell,  while  the  outer  edge  is  flanged 
and  has  such  a shape  thaUit  may  be  riveted  to  the  sheets  forming  the 
fire-box.  This  makes  a very  strong  connectioii  between  the  two  parts, 
and  at  the  same  time  forms  an  effective  expansion-joint.  Itc\idcutly 
can  only  be  <lone  where  g«H)<l  iron  can  be  found  and  good  flanges  made. 
Should  this  method,  on  the  whole,  [>rove  superior  to  that  in  use  in  the 
United  States,  however,  oiir  inanufactiirer.s  will  find  here  no  obstacle  to 
its  introduction. 

Staying  the  fire-box  top  from  the  crow'ii-shects  lias  the  advantage  of 
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doiDg  away  with  the  objectionable  girder-stays,  which  are  the  usual  sup- 
ports of  the  crown-sheets  in  American  locomotives. 

92.  The  pressure  of  steam  allowed  on  these  boilers  is  usually  eight  or 
nine  “atmospheres,”  as  pressures  are  reckoned  in  Europe.  The  boilers 
have  a greater  ^‘factor  of  safety  ” than  we  are  accustomed  to  adopt  in  the 
United  States,  a point  in  European  practice  which  it  might  be  well  for 
us  to  copy. 


I 


93.  The  riveting  is  usually  done  by  the  riveting-machine,  which,  prop- 
erty iised*^  does  much  better  work  than  can  be  done  by  hand,  making 
the  seam  both  lighter  and  stronger.  The  rivets  are  usually  snap-headed, 
and,  when  made  by  hand,  are  headed-up  by  blows  of  a heavy  hammer 
on  the  head  of  a forming-tool.  In  some  cases  the  calking  of  seams  had 
been  carelessly  done,  as  was  shown  by  the  marks  of  the  calking  tools  on  the 
sheet  under  the  lap.f  The  serious  results  which  follow  so  frequently  from 
the  creation  of  furrows  and  grooves  along  these  lines  are  well  known  to 
all  intelligent  builders,  and  the  manufacturers  of  these  engines  were  se- 
riously  in  faultin  permitting  these  boilers  to  be  thus  injured,  and  of  a great 

* Probably  the  best  form  of  riveting-machine  yet  produced  is  that  of  the  Providence 
Steam-Engine  Works,  at  Providence,  R.  L,  in  which  one  die  closes  the  laps,  and  another, 
by  an  indepedent  steam-piston,  then  heads-np  the  rivets. 

tThe  ‘‘  concave  ” system  of  calking  introduced  in  the  United  States  recently  by  Mr. 
Connery  at  the  Baldwin  Locomotive  Works  and  elsewhere  is,  in  the  opinion  of  the 
writer,  a vast  improvement  upon  the  ordinary  method. 


80 


VIENNA  INTERNATIONAL  EXHIBITION,  1873 


oversight  in.  sending  such  evidence  of  carelessnesH  to  ho  exhibited  at 
Vienna. 

94.  Materials— SORT  steel  vh.  iron.— The  materisd  used  for  run. 
ning-gear  and  valvo  iuotion,  and  not  infrequently  for  the  boiler  also,  is 
becoming  quite  universally  “ low  steel,”  or,  as  it  should  more  properly 
be  called,  homogeneous  iron.  The  irons  of  commerce,  which  are  usually 
sold  as  iron,  contain  barely  a trace  of  carbon,  and  invariably  contain  also 
acertainamoiintof  cinder,  which  cannot  be  entirely  removed  in  the  ordi- 
nary process  of  puddling  and  rolling  or  hammering,  oven  with  the  most 
careful  manipulation.  They  are,  therefore,  weaker  than  a pure  metal 
would  be,  and  have  a tibrous  structure,  wdiich  is  caused  by  the  drawing 
down  of  the  masses  of  impurity  in  the  puddle-ball  into  lines,  orstrie, 
which  prevent  the  acquisition  of  that  homogeneous  character  which  is 
always  desired  iii  good  material.  These  “ low  steels”  are  usually  made 
either  by  the  Hessemer  or  the  Siemeiis-Martiu  process,  and,  taking 
form  in  the  ingot-mold,  into  which  they  are  poured  when  liipiid,  the 
cinder  is  separated,  lloatiiig  to  the  top,  and  leaving  the  metal  quite 
free  from  it  and  nearly  pure.  These  steels  also  contain  from  one-quarter 
to  one-lialf  i)er  cent,  carbon,  an  amount  which  strengthens  the  metal 
grejitly  witimut  conferring  ui)on  it  any  steely  quality.  The  elastic  limit 
is  raised  somewhat,  and  the  <lnctility  of  the  metal  is  practically  equally 
great.  The  unworked  ingot  is  liable  to  exhibit  a considerable  degreeof 
porosity  in  consequence  of  the  liberation  ol  gas,  while  the  molten  mass 
is  solidifying  whenever  the  spiegolisen,  employed  as  a conveyor  of  car- 
bon, is  not  sullicicntly  rich  in  manganese.  Tliis  porosity,  although  less 
objectionable  than  the  condition  ol  malleable  or  wrought  irons,  in  which 
the  cavities  are  fdled  with  impurities,  is  still  a defect,  which,  when  the 
ingots  are  worked  down  into  pieces  of  smaller  section,  is  seen  in  the 
formation  of  a fibre,  which  become’s  perceptible,  however,  only  when  the 
metal  is  examined  l)y  some  exccq>tionally  delicate  method  of  test. 
Strain-diagrams,  produced  by  the  autogra[)hic.recording  testing-ma- 
chine, exhibit  these  churacteri.stics  very  eonq)letely. 

The  metal  here  described  has  usually  an  elastic  limit  nearly  50  per 
cent,  higher  than  that  of  common  iron,  and  its  ultimate  tensile  strength 
reaches  70,000  or  80,000  pound.s  per  scpiare  inch.  It  stretches,  if  of 
good  quality,  25  per  cent,  before  breiiki ng.  It  is  claimed,  by  man}  man- 
ufacturers, that  it  can  now  be  obtained  tpiite  as  uuilorm  in  quality  ^^8 
wrought  iron,  and  at  prices  which  make  it  good  policy  to  use  it  \Uieti 
ever  possible.  Its  hoinogeneoiisness  in  quality  and  stnictare  ^ 
sidered  quite  as  important  (pialities  as  its  strength,  high  elastic  imi , 
and  ductility.  It  is  the  best  material  now  available  lor  use  ^ 
tough,  strong,  ductile  material  is  required,  as  whenever  hea\}  sioc\ 

are  to  be  sustained.  i . 1 a. 

Where  the  quality’  desired  is  durability  under  heavy  load  au(  a 
sion,  as  is  the  case  with  rails,  the  high  elastic  limit  constitutes 
tiiignisliing  merit.  The  metal  should  always  be  carefully  chosen  ^ 
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reference  to  its  intended  use.  By  changing  the  dose  of  carbon  it  is 
made  fit  for  every  purpose. 

Another  valuable  quality  of  the  low  steels  which  should  not  be  over- 
looked is  that  of  taking' a beautifully  fine  finish. 

95.  European  KaiLroad  Wheels. — The  driving-wheels,  as  well  as 
the  other  wheels  of  locomotives,  are  invariably  forged.  A cast  iron  driv- 
ing-wheel is  never  seen  in  Europe,  and  European  builders  seem  quite 
unable  to  believe  that  they  can  be  used  with  safety.  They  regard 
American  practice  in  this  particular  as  simply  illustrating  that  reck- 
lessness which  is  looked  upon  by  them  very  generally  as  one  of  the 
most  remarkable  traits  of  our  national  character. 

9G.  In  the  exhibit  of  Krupp,  of  Essen,  were  some  fine  specimens  ot 
locomotive  work,  of  which  scale-drawings  are  here  shown,  (Figs.  49,  50, 
51,  52,)  with  dimensions  given.  They  serve  to  illustrate  butb  the 
character  of  the  work  done  at  Essen  and  the  proportions  adopted  for 
these  details;  also  the  extent  to  which  steel  is  applied  in  locomotive 
building.  The  driving-axle  (Fig.  50)  is  a fine  piece  of  work ; the 
material  is  free  from  flaw  or  blemish,  and  the  finish  is  remarkably  fine. 
The  sketch  of  the  driving-wheel  and  axle  (Fig.  51)  illustrates  the  pro- 
portions adopted  for  standard  work  in  this  part  of  Europe,  and  the 
crank  and  eccentric  (Fig.  52)  form  ’an  example  of  an  exceptionally 
awkward  piece  of  work  excellently  well  done. 

,97.  Conclusions. — An  examination  of  this  collection,  illustrating  as* 
it  does  the  best  contemporary  European  practice,  has,  after  all,  re- 
vealed but  little  that  is  new  to  American  engineers.  The  novelties  are 
few  in  number,  and  are  not  usually  of  a character  which  will  be  likely 
to  be  imitated. 

The  changes  now  going  on  in  transatlantic  practice  are  principally 
in  minor  details,  and  in  the  introduction  of  better  material.  Such> 
changes  of  design  as  are  noticed  are  usually  in  a direction  in  which  our 
own  builders  have  alread^^  gone  in  advance. 

98.  Forty'years  ago  Robert  Stephenson,  in  a letter  to  Robert  L.  Stev- 
ens,* wrote:  “ 1 am  sorry  that  the  feeling  in  the  United  States  i>i  favor  of 
light  railways  is  so  general.  In  England  we  are  making  every  succeed- 
ing railway  stronger  and  more  substantial.  * * * Small  engines 

are  gradually  losing  ground,  and  large  ones  are  daily  demonstrating 
that  powerful  engines  are  the  most  economical.”  This  is  still  the  direc- 
tion of  change,  ulthough  it  is  far  less  rapid  than  formerly.  Stephen- 
son incloses  in  the  letter  above  referred  to  a sketch  of  an  engine 
weighing  nine  tons^  and  capable,  as  he  stated,  “ of  taking  one  hundred, 
tons  gross  load  at  the  rate  of  sixteen  or  eighteen  miles  an  hour  on-  a 
level.”  The  largest  locomotive  at  Vienna  weighed  seventy  tons^  and  it  is- 
capable  of  drawing  a load  of  probably  1,000  tons,  at  a speed  of  thirty 
miles  an  hour. 

* Preserved  in  the  “Relic  Corner”  of  the  lecture-room  of  the  writer  at  the  Steveii» 
Institute  of  Technology. 
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For  many  years  locomotives  liave  remaitied  practically  unchanged  in 
all  except  size  and  in  the  form  and  proportions  of  the  minor  details. 

There  is  undoubtedly  g^ood  reason  for  this  fact,  and  it  is  not  impossi- 
ble  that  it  may  continue  to  be  the  fact  for  an  indefinite  period,  although 
no  thoughtful  engineer  would  be  surprised  were  some  new  discovery 
or  some  unanticipated  invention  to  suddenly  revolutionize  locomotive 
practice  at  any  time.  The  locomotive  is  a sim[)le  machine,  and  the 
essential  requisites  of  strength,  lightness,  and  compactness  are  insuper- 
able obstacles  to  such  a multiplication  of  parts  and  range  of  modifica- 
tion of  form  as  are  ])ermis8ible  with  the  stationary,  or  even  the  marine, 
engine,  and  the  opportunities  ollered  for  the  exercise  of  inventive  skill 
and  for  the  apidication  of  frequently  desirable  devices  are  greatly  re- 
stricted. The  modification  of  size  to  suit  various  loads,  and  of  type  to 
adapt  the  machine  to  vaiious  speeds  and  to  various  special  kinds  of 
work  are  the  directions  in  which  designing  is  afforded  an  open  field.  In 
construction,  good  material  and  good  workmanship  are  becoming  more 
generally  understood  atid  more  universally  adopted. 

In  none  of  the  engines  shown  at  Vienna  is  seen  that  tloxibility  and 
conseipient  ease  of  traction  on  the  smoothest  of  Kuropean  railways,  as 
well  as  on  the  roughest  of  our  American  roads,  which  is  a common 
characteristic  of  American  locomotives.  Improvement  is  evidently 
taking  place,  althouglrslowly,  in  feeding-apparatus,  in  the  adoption  of 
continuous  breaks,  in  the  use  of  metallic  packing,  and  in  the  substitu- 
tion of  coal  for  the  more  expensive  coke  formerly  exclusively  used. 

9!).  The  use  of  steel  has  become  more  common  in  Europe  than  in 
America,  but  it  is,  nevertheless,  now  becoming  rapidly  introduced  into 
the  United  States.  Its  use  is  becoming  very  general  in  fire-boxes,  al- 
though the  frequent  cracking  of  plates  which  contain  too  high  a percent- 
age  of  carbon  is  retarding  it. 

The  metal,  if  given  barely  suflicient  carbon  to  enable  the  steel-furnace 
heat  to  melt  it,  will  rarely  be  found  to  give  trouble.  The  less  the  dose 
of  carbon,  and  the  nearer  the  metal  becomes  in  character  a homogeneous 
iron,  the  better  will  it  serve  this  purpose. 


(Sizt’8  in  millitneters.) 
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Fig.  52  a. — Driving-crank,  without  eccentric,  for  the 
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Fig.  52. — Krupp’s  driving-crank, 
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CHAPTER  IV. 


ROAD-LOCOMOTIVES ; TRACTION-ENGINES. 

Belgian  locomotives  with  rubber  tires;  English  traction-engines;  Histor- 
ic.vl;  Foreign  trials  of  road-engines;  Trial  by  the  author  at  South  Or- 
ange, N.  J.;  Deductions;  Traction-force;  Working  time;  First  cost  ; Run- 
ning expenses;  Good  road-beds  essential  to  their  success  ; Advantages  of 
steam-traction. 

100.  Belgium  road  locomotives. — Several  road-locomotives  or 
tractioa-engiiies  were  exhibited  in  the  British  section,  and  one  of  these 
machines,  fitted  with  the  Thompson  India-rubber  tires,  was  entered  in 
the  Belgian  catalogue.  The  latter  was  frequently  seen  at  work,  and 
was  driven  about  the  grounds  to  exhibit  its  power  and  speed  and  its 
facility  of  manenvririg.  The  action  of  the  elastic  tire  was  very  inter- 
esting, and  it  was  claimed  to  be  durable.  The  exhibitor  stated  that  it 
enabled  the  machine  to  be  used  in  situations  where  the  usual  iron  tire 
refuses  to  take  hold. 

101.  British  traction-engines.— Messrs.  Fowler,  the  well-known 
builders  of  steam-plows,  exhibited  a very  neat  and  apparently  substan- 
tial and  effective  style  of  road-locomotive. 

• Messrs.  Aveling&  Porter  exhibited  a road-locomotiv^e  with  a crane 
attached  for  lifting  and  transporting  loads,  and  also  another  engine  in- 
tended simply  for  traction.  These  machines  were  the  most  noticeable 
of  this  class  in  the  exhibition. 

102.  History  of  road-locomotives.— The  introduction  of  the  road- 
tocomotiv^e,  in  substitution  for  horses  Whenever  heavy  work  is  done,  is 
uaking  place  slowly  but  steadily,  so  slowly  that  it  seems  to  attract  but 
ittle  attention,  notwithstanding  its  immense  importance. 

This  movement  began  more  than  a centur^^  ago.  As  early  as  1759; 
Br.  Robinson,  who  was  at  the  time  a graduate  of  the  University  of 
Glasgow,  and  an  applicant  for  an  assistant  professorship  there,  and  who 
nade  the  acquaintance  of  the  instrument-maker  James  Watt,  when  vis- 
ting  the  workshop  of  the  latter,  called  his  attention  to  the  possibility 
)f  constructing  a carriage  to  be  driven  by  a steam-engine. 

In  1765  that  singular  genius.  Dr.  Erasmus  Darwin,  whose  celebrity 
vas  acquired  by  speculations  in  poetry  and  philosophy  as  well  as  in 
nedicine,  urged  Matthew  Boulton — subsequently  Watt’s  partner,  and 
ust  then  corresponding  with  our  own  Franklin  in  relation  to  the  use 
)f  steam-power — to  construct  a steam-carriage  of  which  he  sketched  a 
Jet  of  plans. 
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A yoiinff  man  named  Edf?eworth  became  interested  in  the  scheme 
and,  in  1708,  published  a i)aper  which  secured  for  him  a j^old  medal  froin 
the  Society  of  Arts.  In  this  i)aper  lio])roposed  railroads  on  which  the 
carriajtes  were  to  be  drawn  by  horses,  or  by  ropes  from  steam-wimliiig 
engines. 

The  first  actual  experiment  was  made,  as  is  supposed,  by  a French 
army  officer,  Nicholas  Joseph  Ougnot,  who,  in  170J),  built  a steam  car- 
riage which  was  set  at  work  in  piVsenc(M)f  the  French  minister  of  war, 
the  Duke  de  Choiseul.  The  funds  required  by  him  weie  furnished  by 
the  Comte  de  Saxo.  Encouraged  by  the  partial  success  of  the  first 
locomotive,  Cugnot,  in  1770,  constructed  a second,  which  is  still  pre- 
served in  the  Conservatoire  des  Arts  et  Metiers,  Paris. 

Watt  patented  a road-engine  in  1784,  after  he  had  made  the  more 
essential  improvements  in  general  design  and  in  the  details  of  his  pump- 
ing-engine. At  about  the  same  time  Murdoch  com])letcd  and  made  a 
trial  of  a model  locomotive,  driven  by  a “ grasshopper-engine ’Miaving a 
steam-cylinder  threc-(piarters  of  an  inch  in  diameter  and  two  inches 
stroke  of  piston.  It  is  reported  to  have  run  six  to  eight  miles  an  hour. 

In  1780  Oliver  Evans  asked  of  the  Penn.sylvania  legislature  the  mon- 
opoly of  his  method  of  applying  the  steam-engine  in  driving  flour-mills 
anti  to  proiyeUing  wagons.  In  the  same  or  following  year  Wm.  Syming- 
ton constructed  a working  model  of  a steam-carriage,  wliich  may  be  seen 
in  the  patent  museum  at  South  Kensington,  Lomlon. 

In  1802  Trevithick  and  Vivian  took  out  a Pritish  patent  for  a loco, 
motive-engine,  and  their  model  is  also  jireserved  in  the  museum  of  the 
British  patent  office. 

In  1804  Oliver  Evans  completed  a flat-bottomed  boat  to  he  used  at 
the  Philadelphia  docks,  and,  mounting  it  on  wheels,  drove  it  hy  its  own 
steam-engine  to  the  river-bank.  lie  then  propelled  it  down  the  river, 
using  its  steam-engine  to  drive  its  paddle-wheels.  Evans  a.sscrted  that 
carriages  propelkMl  by  steam  would  soon  be  in  common  use,  and  oflercd 
a wager  of  ^-300  that  he  could  btiild  a “ steam-wagon  ’’  that  should  e.vcel 
in  speed  the  swiftest  hor.se  that  could  be  matched  against  it. 

In  1821  Julius  Griffiths,  of  Middlesex,  England,  made  a steam-car- 
riage for  common  roads,  which  he  designed  to  carry  passengers,  and, 
which  was  probably  the  first  ever  constructed  for  that  j)uri)o.se  only. 

In  December,  18.3.3,  about  twenty  steam -carriages  and  traction  road- 
engines  were  running,  or  were  in  course  of  construction,  in  and  near 
London. 

In  our  own  country  the  roughness  of  roads  iliscouraged  inventors, 
and,  in  Gre.at  Britain  even,  the  successful  introduction  of  road-locomo- 
tives, which  seemed  at  one  time  almost  an  accomplished  fact,  finally 
met  with  so  many  ob.stacles  that  even  Hancock,  the  most  ingenious 
persistent,  and  successful  constructor,  gave  up  in  despair.  ITo.stile  leg- 
islation procured  by  opposing  interests,  and  pos.sibly,  also,  the  rapi‘^ 
progress  of  steam-locomotion  on  railroads,  caii.sed  this  result.  In  con* 
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sequence  of  this  interruption  of  experiment,  almost  nothing  was  done 
during  the  succeeding  quarter  of  a century,  and  it  is  only  within  a few 
years  that  anything  like  a business  success  has  been  founded  upon  the 
construction  of  road-locomotives,  although  the  scheme  seems  to  have 
been  at  no  time  entirely  given  up. 

J.  Scott  Russell,  Boydell,  and  a few  others  in  England,  and  Messrs. 
Roper,  Dudgeon,  Fawkes,  Latta,  and  J.  K.  Fisher,  in  the  United  States, 
have  all,  at  various  times,  labored  in  this  direction.  The  last-named 
engineer  designed  his  first  steam-carriage  in  1840. 

Abroad,  a few  firms  have  succeeded,  within  a few  years  past,  in  mak- 
ing a business  of  considerable  extent  in  constructing  road-locomotives 
for  hauling  heavy  loads,  and  in  building  steam  road-rollers.  The  great 
impediments  seem  to  be  the  roughness  and  bad  construction  of  the  ordi-  ' 
nary  highways,  the  damages  arising  from  the  taking  fright  of  horses,  the 
engineering  difficulties  of  construction,  and  the  limited  power  of  the 
machine  as  it  has  usually  been  built. 

103.  Foreign  trials  of  road-engines. — The  capabilities  of  the 
road-locomotive  are  readily  determiued  by  experiment,  and  the  follow- 
ing are  the  results  of  several  series  of  trials  made  by  the  writer  and 
others  : 

A trial  of  the  machines  of  the  British  makers,  Aveling  and  Porter,  was 
made  by  Mon.  H.  Tresca,  Sous  Directeur  du  Conservatoire  Imperial  des 
Arts  et  Metiers,  Paris,  and  a member  of  the  International  Jury.  The 
report  was  submitted  to  the  Directeur-general,  Morin,  January  15, 1868.* 

The  results  may  be  summarized  as  follows : 

1.  The  co  efficient  of  traction  was  determined  to  be  about  0.25  on  a 
good  road  with  easy  grades. 

2.  The  consumption  of  coal  was  found  to  be  4.4  pounds  per  horse- 
power per  hour. 

3.  The  consumption  of  water  was  determined  to  be  132.2  gallons  an 
hour  with  “ ten-horse’’ engine. 

4.  The  “ co-efficient  of  adherence  ” or  of  friction  between  the  wheels 
and  the  soil  was  0.3. 

5.  A rate  of  motion  of  seven  miles  an  hour  produced  no  special  diffi- 
culty in  managing  either  the  locomotive  or  its  load. 

This  engine  was  of  large  size,  having  a steam-cylinder  of  11  inches 
diameter,  and  a stroke  of  piston  14  inches.  The  crank-shaft  was  geared 
to  the  driving-wheels  in  such  a manner  as  to  make  20.33  or  14.25  revo- 
lutions, at  pleasure,  for  each  revolution  of  the  drivers.  The  driving- 
wheels  were  6J  feet  in  diameter,  and  the  weight  of  the  machine,  exclu- 
sive of  fuel  and  water  in  its  tanks,  was  14 J tons.  Including  fuel  and 
water,  its  weight  was  17 J tons.  The  load  drawn  on  a level  road  was 
79  tons,  19  hundredweights,  1 quarter,  (77,597  kilograms,)  including  the 
weight  of  the  machine  itself. 

* Proces-verbal  des  Experiences  faites  sur  uue  machine  de  traction ; Conservatoire 
des  Arts  et  Metiers ; Paris,  1868. 
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This  weight  was  distributed  as  follows  : 

Per  centum  of  totals. 


Weight  of  engine 21.8 

Weight  of  wagons 25. 9 

Weight  of  pay ing  load 52. 3 


100 

In  an  addenda  to  tlie  report  of  M.  Tresca,  it  is  stated  that  M. 
Lalouette  had  set  the  engine  at  work  transporting  heavy  material,  and 
with  the  following  results : 

It  transported  a total  weight  of  2,500,000  kilograms  a distance  of 
4 kilometers,  drawing,  on  each  trip,  25,000  kilograms  of  paying  load, 
and  making  four  trips  per  day.  Five  hundred  kilograms  of  coal  were 
consumed  in  eight  journeys. 

At  about  this  same  time  M.  Servel,  Ingenieur  en-Chef  de  la  Com- 
pagnie  G(3n(^rale  des  Messageries  A Vapeur,  conducted  a series  of  expe- 
riments with  a similar  machine  upon  jiaved  and  upon  macadamized 
roads,  during  wliat  lie  described  us  the  most  trying  of  winter  weather. 
Under  such  conditions,  M.  Servel  reimrbs  the  following  distribution  of 


weights  by  percentfim : 

Weight  of  locomotives 41. 4 

Weight  of  wagons 18. 2 

Weight  of  paying-loads 40.4 


101) 

The  average  total  weight  of  thix^e  loaded  wagons,  which  was  the 
Usual  load,  was  22,575  kilograms,  or  very  nearly  22  tons.  The  experi- 
ment was  made  in  l<S07-dH  of  Ufiplying  these  engines  to  the  towage  of 
boats  on  the  French  canals.  The  results  seem  to  have  been  very 
encouraging.  M.  Geraldi  reported  tlmt  an  eight-horse  engine  towed, ou 
the  canal  between  Caen  and  Oyestreham,  a tleet,  having  an  aggregate 
measure  of  800  tons,  at  the  rate  of  three  miles  an  hour,  and  that  the 
speed  had  been  pushed  up  to  si.v  miles  an  hour. 

M!  Carfort  reported  to  M.  lliiet  that  a six-liorso  engine,  doing  similar 
w’ork  on  the  Dunkerque  and  Saint  Onier  Canal,  hud  towed  800  tons,  and 
was  regularly  towing  500  to  700  tons,  at  an  expense  not  exceeding  40 
per  centum  of  the  cost  of  horse-power.  In  the  year  1871  a number  ot 
traction-engines  were  exhibited  before  the  lioyal  Agricultural  Society 
of  England,  at  their  show  at  Wolverhampton,  and  the  judges  appointed 
by  the  society  made  a series  of  exceedingly  interesting  and  iustructue 
tests.* 

The  judges  stated  that,  on  a road  in  good  order,  wheels  fitted  with 
India-nibber  tires,  as  patented  by  Thompson,  hav-e  an  advantage  o\er 
iron  rigid  wheels  in  trivction-force,  but  that  the  cost  of  such  wheels— 50 
per  cent,  of  the  cost  of  the  locomotive — forms  a most  serious  obstacle^ 

• Journal  of  the  lioyal  Agricultural  Society  of  Englaud,  vol.  vii.  London.  J*  Murray, 
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their  adoption ; still,  they  say  that  they  “ are  not  prepared  to  express 
a decided  opinion  upon  that  subject.”  On  farm-roads  and  in  fields  the 
India-rubber  tires  ‘^signally  failed.”  Plain  iron  wheels,  with  paddles  ” 
attached,  succeeded  where  the  former  failed.  A ten-horse  locomotive 
entered  by  Messrs.  Aveling  & Porter  received  the  first  prize  at  the 
termination  of  these  trials ; two  competing  systems  of  rubber  tires — 
those  of  Thompson  and  of  Adams — were  each  awarded  a silver  medal ; 
a six-horse-power  road-locomotive,  by  Aveling  & Porter,  and  an  eight- 
horse-power  road-engine,  by  Burrell,  were  very  highly  commended. 

The  prize-engine  had  a cylinder  of  10  inches  diameter  and  a stroke  of 
piston  of  12  inches,  a fire-grate  area  of  6J  square  feet,  an  area  of  heating- 
surface  of  204.4  feet,  driving-wheels  6 feet  in  diameter  and  18  inches 
breadth  of  face.  These  wheels  made  one  revolution  to  seventeen  of  the 
crank-shaft.  The  total  weight  of  the  engine  was  12  tons,  of  which  8f 
were  on  the  driving-wheels.  The  coal  used,  on  special  trial,  amounted 
to  3.2  pounds  per  indicated  horse-power  per  hour,  and  the  evaporation 
of  water  was  7.62  pounds  per  pound  of  coal  consumed,  the  average  tem- 
perature of  feed  being  175°  Fahrenheit.  The  load  drawn  up  the  maxi- 
mum grade  of  264  feet  to  the  mile  on  Tottenham  Hill,  which  is  1,900  feet 
from  top  to  bottom,  was  26  tons,  or,  including  weight  of  engine,  38  tons, 
giving  a co-efficient  of  traction  of  0.35.  On  a country-road,  sixteen 
miles  long,  it  drew  15  tons  at  an  average  rate  of  speed  of  three  and  a half 
miles  per  hour,  using  2.85  pounds  of  coal  and  1.94  gallons  of  water  per 
ton  of  useful  load  per  mile.  On  farm-soil,  soaked  with  recent  rains,  the 
load  drawn  was  9 tons,  and  speed  something  less  than  an  average  of 
two  miles  per  hour,  using  13.6  pounds  of  coal  per  ton  of  paying  load  per 
mile.  This  engine  was  fitted  with  smooth-tired  driving-wheels. 

104.  Trial  of  road-locomotives  by  the  author. — The  writer 
made  a public  trial  of  these  engines  and  a steam  road-roller  by  the  same 
builders  (Aveling  & Porter)  in  October,  1872,  at  South  Orange,  ^7.  J., 
which  was  attended  by  the  commissioners  of  public  roads  for  the  neigh- 
boring county,  and  by  many  members  of  the  engineering  profession 
from  New  York  and  other  cities.  Two  road-steamers,  or  traction-engines, 
and  a steam  road-roller  were  brought  out  for  exhibition  and  trial. 

No.  1 was  a new  road-locomotive  (Fig.  53}  built  by  Messrs.  Aveling 
& Porter;  it  had  previously  done  no  real  work.  A sketch  of  this 
machine  is  here  given.  It  was  of  precisely  the  same  size  and  pattern  of 
one  of  those  exhibited  at  Vienna,  and  above  referred  to.  The  following 


description  will  apply  to  both : 

Principal  dimensions : 

Weight  of  engine  complete,  5 tons  4 cwt.,  pounds , 11, 648 

Steam  cylinder,  diameter  in  inches.  7f 

Stroke  of  piston,  inches 10 

Kevolution  of  crank  to  one  of  driving-wheels 17 

Driving-wheels,  diameter  in  inches 60 

Driving-wheels,  breadth  of  tire  in  inches 10 
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I)rivinj>*-vvheels,  weif^lit,  lumnds,  oacli 

lioilor,  Icnj^tli  overall,  leet 

BoiU'r,  (liaiuetcr  of  shell,  iiK^hes 

Boiler,  thickness  of  shell,  inches 

Boiler,  fire-box  sheets,  outside,  thickness  in  inches 

Load  on  driving-wheels,  4:  tons  Id  cwt,,  pounds 


450 

8 

30 

T1 

J 

10,080 


The  boiler  was  of  the  ordinary  locomotive  type,  ainl  the  engine  was 
mounted  ni)Oii  it,  as  is  usual  with  portable  engines. 

The  driving-pinion  on  the  craidc-shaft  was  made  capable  of  beiiif^ 
slipped  out  of  gear,  thus  allowing  the  engine  to  be  kept  in  motion  when 
the  locomotive  was  at  rest,  either  to  pump  water  into  the  boiler,  or  to 
drive  as  a “ portable  engine”  by  a belt  which  could  be  carried  on  tlio  pul. 
ley,  4i  feet  in  diameter  and  5 inches  face,  whi<di  was  fitted  to  act  as  a tip 
wheel.  When  usetl  as  a “portable  engine,”  regidation  WiW  etfectcnl  by 
means  of  a fly-ball  governor  conveniently  attaeluHl.  The  cylinder  was 
steam -jacketed  in  actmrdance  with  the  most  advanced  practice  here  and 
abroad.  The  crank-shaft,  and  other  wroiight-iron  parts  subjected  to 
heavy  strains,  were  made  of  Lowmoor  iron,  and  were  strong  and  plainly 
finished.  The  gearing  was  of  malh*ablclze<l  cast-iron,  and  all  bearings 
from  crank-shaft  to  driving-whecks,  on  each  side,  were  carried  by  a single 
sheet  of  lialf-incli  plate,  which  also  formed  the  sides  of  the  fire-box  exte- 
rior. Tin's  simple  device  united  all  parts  peculiarly  exposed  to  injury 
by  jarring,  with  such  firmness  as  would  seem  to  give  perfect  security 
against  such  injury  even  on  rough  roads.  Tlie  engine  valve-gear  con- 
sisted of  the  standard  arrangement  of  three-purte<l  valve  and  Steplieu- 
son  link,  with  the  reversing  lever,  as  n.setl  on  locomotive.^.  The  feed- 
pump was  driven  by  an  eccentric  keyed  on  the  crank-shaft.  The  con- 
nection between  the  gearing  ami  the  driving-wheels  was  etlccted  by  one 
of  the  neate.st  and  most  ingenious  <!evices  known  to  t*ngiiieers.  Thw 
aiiangement  is  called  by  builders  of  cotton  machinery  a “jack-in-the- 
box”  gear,  and  the  “ ilifferential  ” gear.  As  constructed,  one  wheel 
turns  freely  on  the  driving-axle,  while  the  other  driving-wheel  is  keyed 
fast.  A bevel-gear  is  bolted  on  the  hub  of  the  wheel,  and  a siniihir 
gear  is  keyed  to  the  driving-axle.  Between  these  revolves  a spur-gear, 
which  is  driven  bj’  the  engine,  and  which  carries  two  small  bevel-iduioiis, 
the  latter  engaging  both  lievel-wheels,  their  axles  laung  in  the  jduucof 
revolution  of  the  large  geau  Kesistances  being  erpial  on  both  wheels,  it 
the  spur-gear  be  turned  it  will  carry  with  it  both  driving-wheels  at  the 
same  time  with  eipial  angular  velocities,  the  effort  exerted  by  the 
engine  being  equal  to  both  wheels  at  all  times.  If  the  engine  he  turning 
a corner,  however,  the  greater  resistance  on  the  inside  wlieid  retards 
that,  while  the  outer  wheel  necessarily  moves  more  rapidly  over  its 
longer  path,  and,  while  the  engine  still  exerts  the  same  force  on  both 
wheels,  the  work  <lone  is  <li8tributed  unequally  between  them  through 
the  then  revolving  bevel-pinions,  without  loss,  and  without  either  wheel 
being  uecessarily  slippeil  or  disengaged.  Should  one  wheel,  however, 
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Strike  into  a soft  spot,  as  a patch  of  imnhl.v  soil,  and  linding  so  little  re. 
sistanceas  to  turn  freely,  leaviiiji:  the  opposite  wheel  at  rest  on  firmer 
soil  and  thus  checking'  the  motion  of  the  locomotive,  a heavy  bolt,  whicli 
is  furnished  with  each  machine  ready  dtted  to  its  place,  is  inserted  and 
keys  the  loose  wheel  to  the  shaft.  Hoth  >>  heels  must  thus  turn  together 
until,  the  locomotive  being  extracted,  the  bolt  is  withdrawn.  Such  an 
occurrence  is  seldom  likely  to  take  place. 

The  driving-wheels  were  wrouglit-iron,  strong  but  light  in  their  con- 


struction,  and  were  fitted  with  strips  of  iron,  thickest  at  the  middle  of 
their  lengths,  which  were  laid  diagonally  across  the  face  of  the  wheels, 
with  separating  spaces  of  about  two  indies  between  them.  The  angle 
was  such  that  one  end  of  one  strip  would  come  to  a bearing  on  the 
ground  just  as  the  opposite  eiul  of  the  preceding  strip  was  leaving  it 

The  huildors  claim  that  tliis  method  of  obtaining  tractive-power  in 
the  wheel  gives  the  engine  a imlling-powor,  on  good  ground,  equal  to 
0.45  of  the  insistent  weight.  On  extremely  hard  and  smooth  roads, 
holts  are  inserted  in  tlie  wheel-rim,  whose  heads  give  better  holding- 
power  than  even  these  iron  strips,  anil  on  very  soft  ground  the  same 
bolts  are  used  to  secure  to  the  rim  of  the  wheel  pieces  of  angle-iron, 
called  by  the  builders  paddles,”  wbicli  take  a good  hold  on  the  more 
unstable  kinds  of  soil.  The  weight  of  tliis  locomotive  rested  principally 
upon  the  driving-wheels.  About  15  per  centum  was  left  upon  the  for- 
ward axle,  to  insure  good  steering  power.  The  total  weight  on  the 
drivers  was  somewhat  increased,  when  pulling  a load,  by  the  inclination 
of  the  line  of  traction  downward  from  the  pulling-bolt  to  the  point  of 
attachment  to  the  load. 

The  forward  axle  is  fitted  with  wlieels  of  413  inches  diameter  and  8 
inches  face;  it  swings  nhont  a king-holt,  which  is  secured  above  in  a 
bracket  secured  to  the  under-side  of  the  boiler  smoke- box,  and  is  steadied 
by  a strong  rod,  connecting  its  lower  end  with  the  forward  end  of  tbe 
fire-box.  Gliains  led  from  each  end  of  the  axle  to  a shaft  carried  on  the 
forward  end  of  the  fire-box,  around  which  they  wound  iu  such  a manner 
that  turning  this  shaft  would  swing  tlie  axle.  A hand  steering-wheel, 
conveniently  arranged  near  tlie  throttle  and  reversing  handles,  turned 
this  shiift,  being  coiinecled  with  it  by  means  of  a worm-shaft  and  pinion. 
A tank  at  the  rear  of  the  locomotive  carried  coal  and  water  in  its  com- 


partments, juid  aftbrded  a standing-place  for  the  engine-driver,  from 
which  he  could  readily  reach  the  various  handles  and  gauges.  Draught 
was  secured  by  means  of  the  exliaust. 

The  boiler  and  steam-cylinder  were  both  well  protected  against  losses 
of  heat  by  coverings  of  felt  and  lagging.  No  springs  were  used  on  the 
engine  exhibited,  as,  being  intended  for  heavy  work  at  slow  velocities, 
their  advantages  would  not  justify  the  expense  and  complication  attend- 
ing their  use.  A strap-brake  was  fixed  on  the  driving-axle  for  the  pur 
pose  ol  controlling  the  engine  on  heavy  grades.  , 

Road-locomotive  No.  2 (Fig.  54)  was  of  the  same  size  and  of  similar 
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make  to  No.l.  It  had  been  two  .years  in  use,  or  longer,  as  a steam  road- 
roller.  ’ To  eonvert  it  into  a load-roller,  its  ordinary  driving-wheels  had 
been  removed,  and  in  their  i)laee  were  litted  a pair  of  cast-iron  wheels 
of  similar  diameter,  but  ot  liO  inches  breadth  ol  tace,  and  weighing 
3,800  i)oiinds  each.  Their  faces  were  lell  smooth,  as  hauling  power  was 
not  desired;  and  as  it  )va.s  intended  that  they  should  leave  the  surface 
of  the  road  as  smooth  and  as  tlrinly  compacted  as  possible.  In  these 
driving-wheels  the  engine  carried  an  excess  of  weight  of  0,700  pounds 
as  compared  with  No.  1.  In  statements  of  work  done,  this  excess  should 
be  entered  as  a part  of  the  paying-load  whore  No.  2 is  employed  as  a 
traction-engine.  The  great  weight  of  those  wheels  was  important  in 
preventing  the  liability  of  slipping,  which  is  a consequence  of  their 
smooth  surface,  and  should  bring  up  the  eipiivaleut  co-eflicient  of  ad- 
herence, ill  terms  of  the  original  weight  of  the  engine,  to  about  0.42,  or 
nearly  equal  to  that  of  No.  1 with  its  regular  traction-wheels.  As  dur- 
ing the  trial  no  slip  was  in  any  case  obscrv'ablo,  this  difference  would 
not  in  any  wa.y  aft’ect  the  results. 

The  road  bed  was  macadamized,  anil  was  remarkably  smooth,  hard, 
and  compact. 

Such  remarkabl.v  line  roads  are,  nnfortanately,  too  seldom  seen  iu  this 
country,  although  not  infrequently  met  with  in  (Ireat  Britain  and  on  the 
continent  of  Europe.  The  fact  is  due  partly,  no  doubt,  to  the  iufre- 
quency  of  occurrence  of  such  excellent  material  for  metalling,  but  itprin 
cipally  arises  from  the  circumstance  that  very  few  boards  of  road  com- 
missioners are  sufllcieiitly  iuterestojl  in  their  work,  and,  at  the  same 
time,  suOiciently  energetic  ami  far  sighted  to  indulge  in  what  ofteu 
seems  extravagant  expenditure,  but  what  is  really  one  of  the  luostim- 
jiortant  among  the  means  available  for  economizing  greatly  the  cost  of 
local  and  suburban  transportation. 

Ftom  the  results  obtaineil  at  this  trial  were  made  the  following: 

lOo.  Deductions.* — (1.)  traction-engine  may  l)t3  so  constructed  as  ‘ 
to  he  capable  of  being  easily  and  rapidly  manoeuverd  on  the  common 
road  and  in  the  midst  of  any  ordinary  obstructions. 

(2.)  Such  an  engine  may  be  jdaced  in  the  hands  of  the  average  me- 
chanic, or  e\'eu  of  an  intelligent  youth  of  sixteen,!  with  con hdciice  that 
he  will  (piickly  acquire,  under  instruction,  lln3  requisite  knowledge  and 
skill  ill  its  preservation  ami  management. 

(3.)  An  engine  weighing  rather  more  than  live  tons  may  be  turned 
continuously  in  a circle  of  18  feet  radius  without  dilllcult}’,  and  without 
slipping  either  driving-wheel,  oven  on  rough  ground,  and  may  be  turned 
in  a roail-way  of  a width  but  sliglitly  greater  than  the  length  of  the 
locomotive  by  proper  manoeuvring. 

(4.)  A road-locomotive  weighing  5 tons  -t  cwt.,  has  been  construe^) 

* Commnriicated  by  the  writtsr  tt>  the  .foiiriial  of  ihoFriiuklin  lustimto,  1-^^’  ^ 

+ The  man u file tnrerH  state  that  uuo  of  their  imwt  skilful  drivers  at  Wolvcrliaoipto 
wa«  a hoy  of  fourteen. 
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whiclf  is  capable  of  drawing,  on  a good  road,  more  than  23,000  pounds 
up  tbe  almost  unexampled  grade  of  533  feet  to  tbe  mile  at  tbe  rute  of 
four  miles  an  hour. 

(5.)  Sucb  a locomotive  may  be  made,  under  similar  conditions,  to 
draw  a load  of  more  than  63,000  pounds  up  a hill  rising  225  feet  to  tbe 
mile,  at  tbe  rate  of  two  miles  per  hour,  doing  tbe  work  of  more  than 
twenty  horses. 

(6.)  Tbe  action  of  the  traction-engine  upon  the  road  is  beneficial,  even 
when  exerting  its  maximum  power,  while,  with  horses,  the  injuiy  to  the 
road-bed  is  very  noticeable. 

(7.)  The  co  efficient  of  traction  is,  with  such  heavily  laden  and  roughly 
made  wagons  as  were  used  at  South  Orange  and  under  the  circum- 
stances noted,  not  far  from  four  per  centum  on  a well-made  macadamized 
road. 

(8.) 'The  amount  of  fuel,  of  good  quality,  used  may  be  reckoned  at 
less  than  500  pounds  per  day,  where  the  engine  is  a considerable  portion 
of  the  time  heavily  loaded,  and,  during  the  remaining  time,  running 
light.  It  may  be  considered,  without  probability  of  serious  error,  that, 
during  the  trials  at  South  Orange,  engine  No.  2 performed  pretty  nearly 
an  average  day’s  work. 

106.  A number  of  interesting  problems  may  be  solved  by  reference  to 
the  facts  just  stated.  A comparison  of  the  efficiency  of  the  road  steam- 
traction  engine  with  that  of  horse-power,  in  drawing  heavy  loads,  is 
especially  important,  and  we  will  now  make  such  a comparison,  basing 
it  upon  the  most  reliable  data  at  hand. 

Tractidnforce. — Engine  No.  2 developed  a tractive  force  equal  to 
that  of  twenty  horses.  The  actual  tractive  force  may  be  determined  as 
follows : The  co  efficient  of  traction  was,  as  has  been  shown,  not  far  from 
0 0427,  which  is  also  very  nearly  the  maximum  figure  given  by  General 
Morin,  as  determined  by  his  experiments  with  “dray-carts”  and  chariot- 
porte  corps  cVartillerief  upon  metalled  roads  and  upon  roads  paved  with 
sandstone.*  This  co-efficient  is  large,  partly  in  consequence  of  the  very 
slight  breadth  of  the  wffieel-tires  and  the  small  diameter  of  the  wheels 
of  the  wagons  used,  and  partly  because  the  wagon-bodies  were  not 
mounted  on  springs.  To  be  absolutely  certain  that  no  error  is  commit- 
ted by  overestimation  in  th^  following  calculation,  this  co-efficient  will 
be  taken  at  0.03. 

The  actual  traction-force  required  to  overcome  the  rolling  resistance 
was,  then,  63,400  x 0.03  = 1,902  pounds.  The  force  required  to  overcome 
that  component  of  the  force  of  gravity  which  directly  resisted  the  motion 
of  the  load,  in  this  case,  where  the  road  lay  at  an  angle  with  the  hoii- 
zontal  whose  tangent  was  0.0427,  was  W sin  7’ = 2,700  pounds;  (he. 
total  resistance  was,  therefore,  4,602  pounds. 

Including  the  weight  of  the  traction-engine  itself,  these  figures  become 
2,251  and  3,002  pounds,  giving  a total  of  5,253  pounds  direct  resistance, 


“Morin’s  Mecliauics.  Ne'.v  York,  D.  Appletmi  & Co.,  lS(iU,  p. 
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and  a co-efticient  of  adherence  ot  5,253 -r  18,348=0.28,  uidch  slightly 
exceeds  that  found  on  earlier  trials  of  smooth  wheels. 

Experiments  mailc  by  Capt.  Robert  Merry,  at  the  Jackson  Iron  Mine 
Negaunee,  Mich.,  and  the  observations  and  experiments  of  the  write/ 
indicate  the  maximum  direct  tractive  force  of  a good  horse  to  bo  about 
250  pounds.  This  corroborates  the  estimate  already  made,  making  the 
tractive  power  of  this  engine  equal  to  that  of  twenty  horses. 

Deducing  from  the  above  the  weight  which  could  be  drawn  on  au 
equally  excellent  but  level  road,  by  this  locomotive,  the  co-etlicient  of 

5 253 

traction  being  the  same,  we  find  it  equal  t^)  = 175,000  pounds, or 


very  nearly  80  gross  tons,  ami,  excluding  the  weight  of  the  locomotive, 
(103,452,)  75  tons.  With  the  machine,  as  with  the  animal,  it  would 
not  be.  exi)ected  that,  in  regular  work  on  ordinary  roads,  more  than  one- 
half  of  the  maximum  pow'er  would  bo  exacted,*  although,  with  such  a 
reserve,  the  machine  possesses  a decided  advantage  over  the  animal. 

107.  Workhu/  time, — The  working  time  of  a horse  is  usually  considered 
to  be  eight  hours  per  day  for  dray-horses,  and  les.s  for  carriage  liorses. 
The  (Iray-horHc,  which  is  kept  iu  harness  eight  hours  per  day,  is  usually 
standing  uiiworked  a considerable  proportion  of  thi.s  time,  while  his  load 
is  being  hamlhMl,  and  al.so  during  ouc-lialf,  usually,  of  the  leiiiaining  time 
his  vehicle  is  drawn  unloaded.  The  horses  of  the  Third-avenue  street- 
luilroad  in  New  York  City  are  worked  less  thau  six  hours  per  day,  aud 
jiveimme  day  in  seven  as  a day  of  rest.  This  is  about  etpial  to  the 
working  time  of  horses  aud  cattle  crossing  our  western  plains  with 
moderate  loads. 

The  steam-engine  rerpiires  no  such  careful  limitation  of  working  time. 
It  can  work  twenty-four  hours  uuiuterrupteilly  as  readily  as  a single 
hour.  Ten  hours  a day  would  be,  iu  most  cases,  niatle  the  daily  work- 
iiig  time  of  a n)ad-locoiuotivo,  the  perioil  being  determined  by  the 
pro(>er  length  of  the  working  day  of  the  driver,  rather  than  by  the 
capabilities  of  the  machine. 

The  working  time  of  the  tnvction  engine  may  therefore  be  stated  to 
be,  ordinarily,  20  per  cent,  greater  than  tliat  of  the  <lray-horse,  and  to 
be  capable  of  iniletinite  extension  nvIrmi  re<iuired.  The  loss  of  working 
time  by  the  horse  through  illness,  at  the  farriery,  «&c.,  and  that  lost  by 
the  locomotive  in  the  repair-shop,  are  piMper  subjects  for  coinparisou; 
but  it  is  difficult  to  determine  them  iu  the  absence  of  reliable  data.  Wo 
may  estimate  tliese  lo.sses  as  equally  affecting  the  two  motors,  with  a 
probability  that  the  correction  of  any  error  iu  such  estimate  may  make 
a change  favorable  to  the  loconudive. 

108.  Firnt  cont, — Comparing  the  ffrst  cost  and  running  expenses  ot 
steam  and  of  horse  power,  we  may  Wi)rk  from  tolerably  well  establishe 
data.  The  li.st  price  of  the  Aveliiig  & Porter  road-locomotive  e.^pen* 
if'ented  with  at  South  Orange  was,  delivered  iu  New’  York,  about _ 

f ide  “ Steain-en^^iiief*  nnU  Prime  Moven*/’  Rankinc,  chap.  3,  p.  ^ 
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The  average  cost  of  horses  purchased  by  the  Tiiird-avenue  Eailroad  in 
New  York  City  was  $157.50,  and  it  would  require  more  than  twenty 
such  horses  to  pull  the  load  of  the  traction-engine,  while  an  addition  of 
25  per  cent,  must  be  made  for  the  greater  length  of  the  working-day  of 
the  locomotive.  Twenty-five  such  horses  would  have  a first  cost  of 
$3,937.50,  to  which  must  be  added  the  large  item  of  cost  of  harness. 

The  first  cost  of  steam  and  of  horse  power  is,  therefore,  nearly  equal, 
the  difference  being  in  favor  of  steam,  leaving,  also,  on  the  side  of  the 
engine  the  immense  advantage  arising  from  its  ability  to  work  longer 
hours  when  required,  and  indefinitely.  The  interests  on  these  first  costs 
also  nearly  balance  each  other. 

109.  Running  expenses. — The  running  expenses  of  the  locomotive  are 
for  attendance,  fuel,  oil,  and  repairs,  and  for  depreciation  in  value  with 
use;  those  of  hoi\se-power  are  for  attendance,  food,  stabling,  sickness, 
and  depreciation  with  age. 

The  cost  of  attendance  upon  the  one  engine  and  the  twenty-five  horses 
may  be  taken  at  $939  and  $3,130,  respectively,  assuming  each  driver  of 
the  latter  to  be  able  to  manage  a six-horse  team.  The  engine-driver 
received  $3  per  day  and  the  other  men  $2.50,  and  there  are  313  working 
days  in  the  year. 

The  cost  of  fuel,  oil,  and  incidentals,  excluding  repairs  of  the^  engine 
and  its  depreciation,  may  be  averaged  at  $900  per  year  in  the  vicinity 
of  New  York.  This  is  somewhat  higher  than  the  cost  of  similar  items 
on  railroad-locomotives  in  New  York  State.* 

The  cost  of  repairs  and  depreciation  had  been  so  small  at  South  Orange 
that  it  could  not  be  estimated,  but  for  the  life  of  the  engine  it  will  be 
likely  to  average  something  less  than  15  per  cent,  of  the  first  cost,  or,  in 
this  case,  $600  per  annum.  This  we  arrive  at  by  an  examination  of 
railroad-locomotive  expenses, t as  officially  reported. 

The  total  annual  expense,  therefore,  of  the  traction-engine  referred  to 
may  be  reckoned  at  $2,439  as  a maximum  figure,  including  cost  of 
attendance.  A similar  estimate  will  give  for  the  annual  expense  of 
keeping  one  horse,  very  exactly  $300,  excluding  attendance.  In  the  year 
1870,  10,315  horses  in  the  State  of  New  York  cost  for  stabling,  feeding, 
repairs  to  harness,  and  shoes,  &c.,  according  to  the  official  statement, 
$3,182,838.24,  or  $308.56  each  animal.  From  this  is  to  be  deducted 
about  $8  per  head  for  receipts  from  sales  of  horses,  leaving  for  amiual 
expenses,  say,  $300  per  horse.  The  expense  account,  excluding  attend- 
ance, would  be,  for  twenty-five  horses,  $7,000  against  $1,500  for  a sim- 
ilar amount  of  steam-power,  and,  including  attendance.,  $10,500  as  against 
$2,439. 

Referring  once  more  to  the  expense-account  of  the  Third-avenue 
Railroad,  we  find  it  working  more  economically  than  the  average  as 

* State  Engineer’s  Reports. 

t This  is  about  the  figure  on  good  railroads  in  the  United  States;  on  British  roads 
the  range  is  from  10  to  25  per  cent.,  averaging  very  exactlj"  15  per  cent. 
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above  given.  Tlii.s  compiiuy  employs  an  immense  number  of  hoiws, 
buys  its  supplies  in  large  (piantities,  taldng  mivantage  of  the  m irkH, 
anil  is  able  to  do  iniieli  better  than  eoiiltl  any  inilividual  or  sinillor 
capitalists.  The  foiiowing  datfi  wore  kimlly  furnished  liy  .Mr.  Olmrles 
S.  Artliiir: 

Ave^^^^e  cost  (tirst)  of  horses,  per  liead  •. $157  50 

Avera^^e  price  obtained  when  sold,  three  and  one-half  years 

later 00 

Costof  staWinfr,  general  exptMisos,  and  incidentals 180  00 

Total  annual  expenses,  including  <lepreciiition 200  43 

Add  to  the  above  the  cost  of  harness,  (not  stated,)  say 3 00 

The  total  annual  cost  of  horso-powor,  for  comparison,  2') x ^203.43  = 
$5,23o.7o,  to  which  wo  add  83,130  fi>r  »lrivers,  ami  we  make  a total  cost  per 
year  of  83,30o.75,  to  bo  coiu[)ared  with  82,431),  the  toUvl  atiuu  il  cwpeiiSb 
of  the  road-locoaiotive,  capable  of  doing  an  equal  amount  of  work. 

The  expense-account  when  doing  litMvy  work  on  the  com  non  road, 
under  the  deseril)ed  conditions,  by  ste  itii-power  is,  therefore,  less  tliaii 
25  per  centum  of  the  average  cost  of  horse-power,  as  deduced  from  tlie 
total  expense  of  such  power  in  New  York  State,  while,  il  we  take  for 
comparison  the  lowest  estimate  that  we  can  lind  data  for  in  oar  whole 
country,  we  still  tind  the  cost  of  steam-power  to  be  but  29  per  centum  ’ 
of  the  expense  of  horses.  We  may  state  the  fact  in  another  way:  A 
steam  traction-engine,  capable  of  <loing  the  W(»rk  of  twenty*ftv’’e  horses, 
may  i)e  worked  at  as  little  expense  as  a team  of  six  or  eight  horses. 

1 Id.  One  of  the  most  ijuportant  of  Mm*  prenMpiisites  to  ultimate  suc- 
cess ill  the  sulistitutiou  of  steam  for  animal  power  on  the  highway  is, 
that  our  roads  shall  be  well  maile.  As  the  greati'st  care  and  jiidguieiit 
are  exercised,  and  an  immense  outlay  of  capital  is  considered  justiliable, 
in  securing  easy  grades  and  a smootli  track  on  onr  railroad  routes,  we 
may  readily  believe  that  similar  precaution  and  outlay  will  he  found 
advi.sable  in  adapting  the  common  road  to  the  ruaddocomotive.  It  is 
undeniably  the  fact  that,  ev(*n  when  relying  ui»oti  horse  power,  .so  tar,  less 
attention  has  been  paid  to  the  improvement  of  our  roads  than  triieccou- 
omy  would  dictate.  With  steam-power,  the  gain  by  careful  grading 
and  exwdlence  of  construction  of  the  road-bed  becomes  still  tuore  im- 
portant. The.  animal  mccdiaiiism  is  less  atVected  in  its  power  of  dni«- 
ing  heavy  loads  than  is  the  machine.  With  the  horse,  a bad  roa^ 
impedes  transportation  principally  by  resisting  the  ifiovcauMit  of  the 

load  rather  than  of  the  animal,  while  with  the  traction-enginetlie  motor 

is  as  seriously  retardeal  as  the  train  which  follows  it,  and  Ircquent} 
much  mure,  on  soft  ground.  Steam,  therefore,  cannot  he  expected  to 
attain  its  full  measure  of  success  on  rough  ami  ill-made  roads; 
where  highways  are  as  iutelligeiitly  engineered  and  as  thoiouiji.' 
well  built  as  those  on  which  the  trials  at  South  Orange  were  made,  o 
where  nature  has  relieved  the  engineer  and  the  road-buihler of  time 
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pensive  work  of  grading,  as  throughout  a very  large  extent  of  the  west- 
ern and  southern  portion  of  our  country,  we  may  expect  to  see  the  road- 
locomotive  rapidly  introduced. 

111.  The  earliest  and  most  perfect  success  of  the  traction-engine,  and 
its  probable  successor,  the  steam-carriage,  may  be  expected  to  occur  in 
these  districts.  Its  great  economical  advantage  over  animal  power,  as 
exhibited  above,  its  freedom  from  liability  to  become  disabled  by  epi- 
zootic diseases,  its  reliability  under  all  circumstances,  and  the  many 
other  advantages  which  are  possessed  by  the  machine,  are  already  se- 
curing its  rapid  introduction,  despite  the  diflBculties  arising  from  popu- 
lar prejudice  and  unfamiliarity,  from  hostile  municipal  laws  and  other 
existing  obstacles. 

We  are  learning  that  this  motor,  when  it  can  be  used  at  all,  is  com- 
paratively inexpensive ; that  our  roads  are  improved  by  it,  and  that  the 
ancient  idea  of  its  conflicting  with  the  interests  of  owners  and  workers 
of  horses  is  only  a superstition. 

The  principal  inconvenience  that  may  be  anticipated  will  probably 
arise  from  the  carelessness  or  avarice  of  proprietors,  which  may  some- 
times cause  them  to  appoint  ignorant  and  inefficient  engine-drivers, 
giving  them  charge  of  what  are  always  excellent  servants,  but  terrible 
masters.  IjJ’evertheless,  as  the  transportation  of  passengers  on  railroads 
is  found  to  be  attended  with  less  liability  to  loss  of  life  or  injury  of  per- 
son than  their  carriage  by  stage-coach,  it  will  be  found,  very  probably, 
that  the  general  use  of  steam  in  transporting  freight  on  common  roads 
may  be  attended  with  less  risks  to  life  or  property  than  to-day  attends 
the  use  of  horse-power. 
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PORTABLE  ENGINES;  STEAM  FIRE-ENGINES. 

Sources  of  ecoxomv  in  portarlk  engines;  Reading  Ikon- Works  engines;  Mar- 
shall, Sons  «fc  Co.;  Clayton  & Siiuttlkwortii  ; Aveling  &,  Porter;  Robey  & 
Co.;  E.  R.  & F.  Turner;  Raxso-mk,  Sims  Head;  The  straw-burner;  Other 
engines;  Importance  of  the  poutable-knoine  irade;  Rotary  steam  fire- 
engines;  The  engine  of  the  Silsry  Manufacturing  Co.;  Advantages;  Brit- 
ish AND  American  .steam  fire-engines  ; Merits  of  American  steam  fire  engines- 
Historical  sketch  of  tiieiu  introduction. 


Portable  steam-engines  built  by  PritisU  builders  have  for  many 
years  excelled  all  others,  with,  perhaps,  the  exception  of  an  American 
builder,  Mr.  J.  C.  Iloadloy,  of  Lawrence,  Mass.,  and  the  later  work  of 
the  best  English  builders  has  given  ecoiiotuical  results  that  have  sur- 
prised engineers.  The  sharj)  competition  of  leading  firms  at  tlie  annual 
shows  of  the  Hoyal  Agricultural  Society  has  recently  brought  out  most 
gratifying  evidences  of  skill  in  management  as  well  as  of  excellence  of 
design  and  construction.  Some  of  these  little  portable  engines  have 
exhibited  an  economical  efilciency  superior  to  that  of  the  largest  marine 
engines  of  any  but  the  compound  tyjie,  and  even  closely  competing  with 
that  form.  The  causes  of  this  remarkable — almost  incredible — econo- 


my are  nmdily  learned  by  an  inspection  of  these  engines  as  exhibited  at 


Vienna,  and  by  observation  of  the  method  of  managing  them  at  the  test 
trial.  The  engines  are  usually  very  carefully  designed.  The  cylinders  are 
nicely  proportioned  to  their  work,  and  their  pistons  travel  at  high  speed. 
Their  YmU^e-gear  consists  usually  of  a plain  slide-valve,  snpplenieuted  by 
a separate  expansion-slide,  driven  by  :ui  iiidejienden teccentric,  and  capa- 
ble of  considerable  variation  in  point  of  cut-olf.  This  form  of  expansion- 
gear  is  very  elective — almost  as  much  so  as  a drop  cnt-oflf — at  the  usual 


grade  of  expansion,  which  is  not  far  from  four  times.  The  governor  is 
usually  attached  to  a throttle-v’alvo  in  tlie  steam-pipe,  an  arrangement 
which  is  not  the  best  possible  under  variable  loads,  but  which  produces 
no  serious  loss  ot  ellicioucy  when  the  engine  is  driveij,  as  at  these  com- 
petitive trials,  under  the  very  uniform  load  of  a strap-brake  and  at  very 
nearly  the  maximum  capacity'  of  the  machine.  The  most  successful  en- 


gines have  had  steam-jacketed  cylinders,  an  essential  to  iiiaximnm 
economy  with  high  steam  and  a considerable  expansion.  Tlie  boilers 


are  strongly  made,  and  are,  as  are  also  all  other  heated  surfaces,  care- 
fully clothed  with  non-conducting  material,  and  well  lagged  over  all. 
The  details  are  carefully  proportioned  ; the  rods  and  frames  are  strong 
and  well  secured  together;  the  bearings  hav'e  large  rubbing  surfaces ; 
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the  connecting-rods  are  long  and  easy  working,  and  every  part  is  capa- 
ble of  doing  its  work  without  straining  and  with  the  least  friction. 

In  handling  the  engines  at  the  competitive  trial,  most  experienced 
and  skilful  drivers  are  selected.  The  difference  between  the  perform- 
ances of  the  same  engine  in  different  hands  has  been  found  to  amount 
to  from  10  to  15  per  cent.,  even  where  the  competitors  were  both  consid- 
ered exceptionally  skilful  men.  In  manipulating  the  engine,  the  fires 
are  attended  to  with  the  utmost  care ; coal  is  thrown  upon  them  at  reg- 
ular and  frequent  intervals,  and  a uniform  depth  of  fuel  and  a perfectly 
clean  fire  are  secured  with  remarkable  success.  The  sides  and  corners 
of  the  fire  are  looked  after  with  especial  care.  The  fire-doors  are  kept 
open  the  least  possible  time ; not  a square  inch  of  grate-surface  is  left 
unutilized,  and  every  piece  of  coal  gives  out  its  maximum  of  calorific 
power  and  in  precisely  the  place  where  it  is  needed.  Feed-water  is  sup- 
plied as  nearly  as  possible  continuously  and  with  the  utmost  regularity. 
In  some  cases,  the  engine-driver  stands  by  his  engine  constantly,  feed- 
ing the  fire  with  coal  in  handfuls  and  supplying  the  water  to  the  heater 
by  hand  by  means  of  a cup.  Heaters  are  invariably  used  in  such  cases. 
The  exliaust  is  contracted  no  more  than  is  absolutely  necessary  for 
draught.  The  brake  is  watched  carefully  lest  irregularity  of  lubrication 
should  cause  oscillation  of  speed  with  the  changing  resistance.  The 
load  is  made  the  maximum  which  the  engine  is  designed  to  drive  with 
economy.  Thus  all  conditions  are  made  as  favorable  as  possible  to 
economy,  and  they  are  preserved  as  invariable  as  the  utmost  care  on 
the  part  of  the  attendant  can  make  them. 

These  trials  are  usually  of  only  three  or  five  hours  duration,  and  thus 
terminate  before  it  becomes  necessary  to  clean  fires. 

The  following  are  results  obtained  at  the  trial  of  engines  which  took 
place  in  July,  1870,  at  the  Oxford  agricultural  fair: 


These  were  horizontal  engines,  attached  to  locomotive  boilers. 

At  a similar  exhibition  held  at  Bury,  in  1867,  considerably  better  re- 
sults even  than  these  were  reported  as  below  from  engines  of  similar  size 
and  styles.  Subsequent  trials  have  given  similarly  excellent  results. 
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With  fill  tliese  engines  steam-jackets  were  used,  the  feed-water  was 
liighly  and  uniformly  heated  by  exhaust  steam,  the  coal  was  selected, 
finely  broken,  and  thrown  on  the  lire  with  the  greatest  care,  the  velocity 
of  the  engines,  the  steam-pressure,  and  the  amount  of  feed- water  were 
very  carefully  regulated,  and  all  bearings  were  run  quite  loose ; the  en- 
gine-drivers were  usually  expert  jockeys.^ 

113.  Yet,  even  under  such  comlitions  as  have  been  described,  the  re- 
sults obtained  seem  very  extraordinary.  The  Reading  Iron-Works,  Mar- 
shall, Sons  & Co.,  and  ISIessrs.  Clayton  & Shuttleworth,  all  of  whom 
exhibited  at  Vienna,  obtained  most  excellent  economy,  and  other  firms 
did  quite  good  work. 

The  first-named  firm,  in  1872,  were  rciiortcd  to  the  Royal  Agricultural 
Society  at  Cardiff  to  have  obtained  the  following  results  on  such  atrial: 
The  engine,  with  a cylinder  of  inches  diameter  and  14  inches  stroke 
of  j)iston,  had  205  square  feet  of  heating  surface,  of  which  about  40  were 
in  the  fire  box.  Its  grate  had  an  area  of  square  feet,  which  was  re- 
duced to  2J  square  feet  during  the  trial.  Tlie  tubes  were  2J  inches 
diameter  and  in  number. 

With  steam-pressure  at  80  pounds  per  square  inch  and  at  about  150 
revolutions  per  minute,  the  engine  developed  20J  indicated  and  IfiJ 
dynamometrical  horse-power,  and  consumed  less  than  2J  pounds  of 
picked  coal  per  indicated  horse  power  per  hour,  the  boiler  evaporating 
10  pounds  of  water  per  pound  of  coal.  Tlio  amount  of  water  used  was 
24  pounds  per  indicated  horse  power  per  hour,  and  burned  at  the  rate  of 
over  20  pounds  per  square  foot  of  grate  per  hour.  The  engine  was  of 
the  type  above  described,  but  the  governor  was  attached  to  a right  and 
left  hand  screwed  stem,  moving  the  cut-off  blocks  on  the  back  of  the 
main  valve.  With  a powerful  and  yet  delicate  governor,  this  is  an  ex- 
cellent arrangement.  The  governor  has  been  connected  to  the  cut  off 
valve  of  the  portable  engine  by  Mr.  Iloadley  also.  The  engine  exhibited 
at  Vienna  was  similar  to  that  which  gave  this  exceedingly  creditable 
result  on  trial. 

Ii4.  Messrs.  Marshall!  Sons  & Co.,  of  Gainsborough,  exhibited 
portable  engines  of  the  class  called  in  Great  Britain  serai-fixed,  m 
which  the  engine  and  boiler  were  mounted  together,  but  were  not  car- 
ried on  wheels  as  are  the  really  portable  machines.  In  design  and  in 
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coustriiction  and  finish  these  engines  were  among  the  best  shown  in  the 
British  section.  The  Hartnell  & Guthrie  shifting-eccentric  was  used, 
and  this  by  its  adjustability  to  different  extent  of  throw,  gave  the  same 
flexibility  of  valve-adjustment  attained  by  the  better-known  “Dodd 
motion.’^ 

115.  Messrs.  Clayton  & Shuttleworth  exhibited  a large  collection 
of  engines  and  boilers.  This  firm,  which  was  founded  in  1848,  is  said 
to  have  constructed  between  12,000  and  13,000  engines.  They  have  had 
a large  branch  establishment  at  Vienna  for  many  years,  and  now  have  a 
large  share  of  the  continental  trade  in  this  class  of  machinery.  The 
principal  characteristics  of  these  engines  were  quite  similar  to  those  of 
other  builders  of  the  better  class  of  engines,  and  they  were  equally 
admirable  in  design,  construction,  and  finish. 

116.  Messrs.  Aveling  & Porter  were  also  exhibitors  of  most  com- 
mendable engines.  Bobey  & Co.  exhibited  engines  remarkable  for 
their  fine  finish.  Some  were  fitted  with  Bichardson^s  governor,  mounted 
on  the  crank-shaft,  and  acting  upon  the  cut-off  valve  through  au  eccen- 
tric with  a modified  Dodd  motion.  The  device  was  said  to  work  very 
satisfactorily. 

Messrs.  E.  B.  & E.  Turner,  of  Ipswich,  exhibited  an  engine  which, 
although  not  as  highly  finished  as  some  others,  was  of  excellent  form 
and  proportions,  and  was  reported  to  be  exceedingly  economical.  It 
had  the  Hartnell  & Guthrie  governor  attached  to  a valve  patented  by 
the  builders.  The  main  valve  is  a piston-valve  6 inches  in  diameter, 
for  a cylinder  of  12  inches  diameter,  and  resembles,  in  some  respects,  the 
Davis  valve,  used  in  the  engine  exhibited  by  the  Hew  York  Safety  Steam 
Power  Company.  The  engine  was  reported,  at  Cardiff,  in  1872,  to  reg- 
ulate remarkably  well,  and  to  perform  very  economically,  notwithstand- 
ing the  use  of  but  one  valve  instead  of  attaching  an  independent  cutoff 
valve. 

117.  Messrs.  Bansome,  Sms  & Head  were  large  exhibitors  of  a consid- 
erable variety  of  machinery,  including  several  steam-engines  of  the  class 
here  considered.  One  of  these  engines  was  adapted  to  burning  straw 
and  other  vegetable  refuse.  It  was  exhibited. at  a public  trial,  and  its 
performance  was  so  satisfactory  as  to  attract  the  attention  of  both 
engineers  and  agriculturists.  This  machine  was  especially  designed 
to  meet  a demand  which  promises  to  become  an  important  one,  and  par 
ticularly  in  many  portions  of  continental  Europe,  where  the  raising  of 
grain  forms  the  principal  business  of  the  farming  population.  The  plan 
is  said  to  have  originated  with  a Bussian  engineer,  Mr.  Schemioth,  who 
was  assisted  in  the  development  of  the  invention  by  Mr.  Head,  the 
junior  partner  of  the  firm. 

As  arranged  at  Vienna,  the  straw  was  driven  into  the  furnace  by 
feeding-rollers,  moved  by  a belt  from  the  crank-shaft,  and  hangs  sus- 
pended above  the  grates  a short  time,  while  the  flame  rising  from  the 
half-consumed  fuel  on  the  bars,  seizes  it,  and  its  combustion  is  partially 
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accomplished  before  it  falls.  The  essential  feature  of  success  seeinoil 
to  be  the  free  8ni)))ly  of  air  thus  secured  for  every  i)ortion  of  the  com- 
bustible  mass.  The  grates  are  liable  to  become  choked  by  a iiiiiipral 
silicious  deposit — the  ash  formed — and  a raking  apparatius  is  provided, 
by  means  of  which  its  removal  is  effected  at  intervals.  To  avoid  dauger 
from  tire,  the  ash-pan  is  closed  at  tlie  nearer  end,  and  the  ashes  are  kept 
moistened  by  a small  stream  of  water  from  the  feed-pump.  The  com 
sum])tiou  of  fuel  is  reported  to  be  three  and  a half  to  four  times  the 
weight  of  coal  usually  required,  and  one  sheaf  of  sti-aw  suffices  to  thresh 
twelve  or  fifteen  sheaves  of  wheat.  The  combustion  was  very  perfect 
aud  rapid. 

The  boiler  is  given  a greater  area  of  heating  surface  than  is  given 
for  eipial  power  when  wood  or  coal  is  the  fuel. 

The  engine  exhibited  at  Vienna  was  rated  at  ten-horse  power.  Its 
cylinder  was  of  9 inches  diameter,  and  the  stroke  of  piston  1 foot; 
speed  of  piston  280  feet  per  minute,  or  Ml)  revolutions;  the  heating 
surface  measured  210  square  feet.  It  was  said  to  develop  20  indicated 
horse- 1)0  wer. 

The  best  portable  engine  of  Htandard  design  exhibited  by  Rausome, 
Sims  & Head  was  rated  at  12  liorse-power.  ft  was  8.1  inches  in  iliain- 
eter  of  cylinder,  ono-foot  stroke;  it  was  regulated  for*  140  revolutions 
per  minute,  ami  had  210  square  feet  of  heating  surface.  Steam  was 
carried  at  00  pounds  pressure  per  square  inch. 

The  cylinders  were  steam-jacketed  on  both  sides  and  ends ; the  inner 
•‘working-lmrrcl”  being  made  separately  and  forced  into  the  main  cast- 
ing. Separate  slide-expansion  valves  were  used,  worked  by  independent 
eccentrics,  adjustable  in  position  to  give  a range  of  expansion  from  one 
and  oiic-half  to  five  times.  A feed-water  heater,  witli  an  iiidepeudeut 
feed-pump,  furnished  water  to  the  boiler  nearly  at  the  boiling  point. 
The  engine  was  stated  to  be  capable  of  working  up  to  Oo-horse-power, 
with  a consumption  of  to  3J  pounds  of  coal  per  horse-power  per  hour. 
Tlie  point  of  ent-off  was  adjustable  by  the  Brown  arrangement  of  gov- 
ernor. It  does  very  good  work,  and  the  indicator  diagrams  show  a 
very  fair  distribution  of  steam. 

These  engines  were  beautifully  finished,  were  well  made,  and  evidently 
well  prepared  to  do  good  work.  In  this,  as  in  several  other  exhibits,  the 
crank-shafts  were  bent  to  shape — an  excellent  practice.  A huckU  on  the 


governor-belt  to  permit  taking,  up  slack  showed  careful  attention  to 
details  on  the  part  of  the  builders. 

118.  Messrs.  doiiN  Fowler  A'  Co.  exhibited  their  agricultural  ma- 
chinery in  great  variety, and  deserve  credit  for  theexcclleiiceof  design  and 
workmanship  and  for  their  success  in  the  held.  The  writer  found  their 
apparatus  at  work  on  the  estate  of  Baron  von  Ilorsky,  doing  excellent 
work — plowing.  The  portable  engine  driving  the  plows  was  a strong, 
well-proportioned  and  well-built  engine,  aud  seemed  capable  of  long 
service  without  serious  expense  for  repairs. 
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119.  There  were  several  other  portable  engines  exhibited  at  Vienna 
by  British  builders,  some  of  which  were  hardly  less  creditable  to  their 
makers  than  those  mentioned  above,  while,  in  one  case  at  least,  they 

* were  crude  in  design,  rough  in  workmanship,  and  without  finish. 

As  a rule,  the  British  builders  were  without  rivals  in  the  exhibition 
in  this  branch  of  work.  The  American  Engine  Company,  J.  C.  Hoadley, 
and  possibly  one  other  firm  in  the  United  States  are  rivaling  the  best 
of  them,  but  the  portable  engine  has  not  received  the  attention  that  it 
deserves  in  this  country,  and  there  remains  ample  room  for  other  good 
builders  in  our  markets.  Although  manufacturers  may  take  a just 
pride  in  building  large  steam-engines  on  the  most  approved  plans,  with 
elaborate  expansion-gear  and  with  condensing’apparatus,  the  more  ex- 
tended market  is  that  for  small  engines,  and  for  portable  engines  pai- 
ticularly.  The  market  for  small,  simple,  well-proportioned,  and  carefully- 
made  engines  will  always  be  large,  and  it  may  always  be  relied  upon  as 
far  steadier  and  safer  than  that  for  larger  machinery.  Our  builders  can- 
not do  better  than  to  follow,  and,  if  possible,  to  excel,  the  British  makers 
in  this  direction. 

The  French  section  contained  three  or  four  portable  engines.  That  ot 
M.  Hermann  Lachapelle  was  well  made,  of  very  good  design,  and, 
in  the  absence  of  the  magnificent  show  of  British  engines,  would  have 
been  considered  worthy  of  special  mention.  The  other  French  engines 
were  quite  unworthy  even  of  criticism. 

The  other  continental  builders  of  portable  engines  were,  evidently, 
usually  following  in  the  track,  although  far  in  the  rear,  of  the  English 
makers,  and  their  engines  require  no  mention,  except  in  the  case  of  Sigl, 
of  Vienna,  whose  exhibit  was  very  creditable. 

120.  Steam  fire-engines. — The  Silsby  Manufacturing  Company,  of 
Seneca  Falls,  IS'ew  York,  exhibited  a well-built  and  finely-finished  steam 
fire-engine,  with  rotary  engine  and  pump,  (Fig.  55.)  The  superiority  of 
a rotary  motion  for  a steam-engine  is  apparently  so  evident  that  it  is 
not  strange  that  manj^  attempts  have  been  made  to  overcome  the  prac- 
tical difficulties  to  which  it  is  subject.  One  of  these  difficulties,  and  the 
principal  one,  has  been  the  packing  of  the  part  which  performs  the  office 
of  the  piston  in  the  straight  cylinder.  Robert  Stephenson  expressed  the 
opinion,  a few  years  ago,  that  a rotary  engine  would  never  be  made  to 
work  profitably  on  account  of  this  difficulty  of  packing.  The  most  palpa- 
ble of  the  advantages  of  the  rotary  engine  are  the  reduction  in  the  size  of 
the  engine,  claimed  to  result  from  the  great  velocity  of  the  piston,  avoid- 
ance of  great  accidental  strains,  especially  noticed  in  propelling  ships,  and 
a great  saving  of  the  power  which  is  asserted  to  be  expended  in  the  re- 
ciprocating engine  in  overcoming  the  inertia  while  changing  the  direc- 
tion of  the  motions.  These  advantages  adap^  the  rotary  engine,  in  an 
especial  manner,  to  the  driving  of  a locomotive  or  steam  fire-engine. 
This  application  has  been  made,  and  all  difficulties  are  claimed  to  have 
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been  surmounted.  The  packing,  after  three  years’  trial,  it  is  stated,  has 
been  found  perfectly  tight. 

121.  In  these  rotary  engines  and  pumps  (Fig.  56)  all  eccentrics  and 
sliding  cams,  which  are  frequently  used  in  rotary  engines,  and  which 
are  so  objectionable  on  account  of  their  great  friction,  are  avoided.  Cor- 
rugated pistons,  or  irregular  cams,  0 D,  are  adopted,  forming  chambers 
within  the  cases.  In  the  engine  the  steam  enters  at  A,  at  the  bottom  of 
the  case,  and  presses  the  cams  apart.  The  friction  in  this  engine  is 
claimed  to  be  very  small,  as  the  only  packing  used  is  in  the  ends  of  the 
long  metal  cogs,  which  are  ground  to  fit  the  case  and  are  kept  out  bj^  the 
momentum  of  the  cams,  assisted  by  a slight  spring  back  of  the  packing- 


Fig.  56. 


pieces.  The  friction  on  the  pump  is  claimed  to  be  less  than  in  the  engine. 
This  is  the  reason  given  in  support  of  the  claim  that  the  rotary  engine 
forces  water  to  a given  distance  with  from  one-fourth  to  one  third  the 
steam-pressure  necessary  to  drive  all  reciprocating  engines.  The  smaller 
amount  of  power  necessary  to  do  the  work,  the  less  strain  and  conse- 
quent wear  and  tear  upon  the  whole  machine,  are  said  to  make  it  more 
durable  and  reliable.  The  pump  being  chambered,  its  liability  to  injury 
by  the  use  of  dirty  or  gritty  water  is  lessened,  and  it  is  stated  that  it 
will  last  for  years,  pumping  gritty  water  that  would  soon  cut  out  a 
piston-pump. 

122.  The  advantages  of  the  rotary  engine  are : The  ease  of  its  opera- 
tion and  the  absence  of  the  crank-motion  which  is  found  in  all  recipro- 
cating machines.  The  high  speed  at  which  all  engines  must  be  driven 
in  steam  fire-engines  makes  it  necessary  that  the  reciprocating  engine 
should  be  very  strong  and  heavy  to  bear  the  jerking  and  straining  to 
which  they  are  subjected  in  passing  the  centers.  The  rotary  engine  has 
not  that  difficulty  to  contend  against.  The  machine  stands  perfectly 
still  when  in  operation.  There  is  no  necessity  for  blocking  the  wheels  or 
jacking  the  boiler  off  the  springs.  There  is  no  vibration  of  the  hose,  and 
the  pressure  being  steady  and  uniform,  it  does  not  strain  the  hose,  as  hap- 
pens from  the  blows  of  a piston.  Hose  that  will  not  bear  the  pressure  of 
the  piston  of  the  reciprocating-pump  to  force  water  200  feet,  it  is  said  by 
these  builders,  will  stand  the  uniform  pressure  of  the  rotary  engine  when 
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throwing  the  stream  230  foot.  Hose  used  on  a rotary  engine  will  wear 
longer  than  that  used  on  a piston-engine,as  it  lies  perfectly  still  while  the 
machinery  is  in  operation,  and  consequently  does  not  wear  out  by  friction 
upon  the  ground  or  pav^emont.  The  pipe  of  a rotary  engine  is  held 
more  easily  than  that  of  a piston-engine.  This  is  of  great  advantage 
to  the  fireman  in  ascending  ladders  to  the  upper  portion  of  a building. 
Another  advantage  is  claimed  to  be  the  low  pre.^sure  of  steam  with  which 
the  rotary  engine  can  be  driven,  it  being  seldom  necessary  to  use  over 
40  pounds  to  do  efiectivT.  fire-duty.  The  suction-hose  is,  in  this  engine, 
always  attached  to  the  pump,  and  has  only  to  bo  lifted  out  of  the 
hooks  on  the  side  of  the  machine  and  dropped  into  the  water  or  attached 
to  a hydrant,  and  the  leading  hose  being  laid  and  attached,  the  machine 
is  ready  for  operation.  There  are  no  valves  in  either  engine  or  pump, 
and  the  whole  arrangemeut  is  so  simple  that  any  careful  man  ?nay  be 
intrusted  with  the  engine.  They  require  two  men,  the  engineer  and 
fireman,  while  in  operation.  The  engine  has  a feed-pump  for  supplying 
the  boiler  while  the  machine  is  in  operation,  and  an  independent  donkey- 
pump.  It  also  has  an  arrangement  for  .supplying  the  boiler  from  the  main 
pump,  80  as  to  insure  supplying  water,  under  any  and  all  circumstances 
and  for  any  length  of  time.  Tlie  “Washington  8,’^  of  Mobile,  a third- 
size  engine,  is  reporteil  by  the.se  exln'bitors  to  have  worked  over  13(5  hours 
at  a fire,  merely  stopping  to  change  the  location  of  the  hose.  Another 
advantage  claimed  for  tliis  machine  is  that  the  boiler  is  so  constructed 
that  impure  or  salt  water  can  be  u.sed  without  causing  it  to  foam  or  prime. 
This,  they  state,  ha.s  been  tested  at  Providence,  K.  1.,  one  of  the  old  and 
seven  of  the  new  styles  being  in  use  in  that  city,  all  of  which  have  been 
used  with  salt  water  in  their  boilers  while  working  at  fires  in  the  lower 
part  of  the  city,  where  fresh  water  could  not  ho  obtained  witlioutdiniculty. 
The  boiler  can  easily  be  repaired,  and  every  part  is  acco.ssible  without 
taking  the  machine  apart.  Tlie  a<l  vantage  of  the  steam  tire-engine  over 
the  hand-engine  for  the  e.vtingiiisliment  of  fires  has  now  been  long  rec- 
ognized. The  exiwrienco  of  all  cities  and  villages  that  have  adopted 
a steam  fire-department  indiemto  they  are  more  eftectiv’e,  le.ss  trouble- 
some to  manage,  and  also  le.ss  expensive  to  maintain,  than  the  baud- 
engine  department. 

123.  Messrs.  Suand  & Mason  and  .Messrs.  Merewetiier,  of  Loudon, 
exhibited  heavy,  but  well-built  steam  tire-eugiues.  it  is  unfortunate 
that  several  American  firms,  noted  for  their  excellence  ot  product  in  this 
class  oi  machinery,  had  not  exhibited  their  fire-enginea. 

124.  American  steam  fire-engines. — ^’riiere  were  no  steam  fire- 
engines  exhibited  by  the  best  known  American  builders  of  eifginos  with 
reciprocating  engines  and  pumps,  such  as  are  in  general  use  in  the 
IJuited  States,  and  have  become  standard  in  general  i)lau  and  arrange- 
ment of  details.  These  are  probably  the  best  illustrations  which  have 
ever  been  produced  of  extreme  lightness,  combineil  with  strength  of 
parts  and  working  power,  which  have  ever  been  produceil  in  any  branch 
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of  mechanical  eugineering.  By  using  a small  boiler  crowded  with  heat- 
ing-surface, very  carefully  proportioned  and  arranged,  and  with  small 
water-spaces,*  by  adopting  steel  for  running-gear  and  working  parts 
wherever  possible;  by  working  at  high  piston-speed  and  with  high  steam- 
pressure  ; by  selecting  fuel  with  extreme  care ; by  all  these  expedients 
the  steam  fire-engine  has  been  brought,  in  this  country,  to  a state  of 
efficiency  far  sui^erior  to  anything  seen  in  Europe.  Steam  is  raised  with 
wonderful  promptness,  even  from  cold  water,  and  water  is  thrown  from 
the  nozzle  at  the  end  of  long  lines  of  hose  to  great  distances. 

But  this  combination  of  lightness  with  power  is  only  attained  at  the 
expense  of  a certain  regularity  of  action  which  can  only  be  secured  by 
greater  water  and  steam  capacity  in  the  boiler.  The  small  quantity  of 
water  contained  within  the  boiler  makes  it  necessary  to  give  constant 
attention  to  the  feed,  and  the  tendency,  almost  invariably  observed,  to 
serious  foaming  and  priming  not  only  compels  unintermitted  care  while 
running,  but  even  introduces  an  element  of  danger  which  is  not  to  be 
despised,  even  though  the  machine  be  in  charge  of  the  most  experienced 
and  skilful  attendants. 

The  limited  steam-space  in  these  boilers  also  introduces  another  ob- 
iectionable  feature  by  producing  such  a tendency  to  variation  of  steam- 
pressure  that  even  the  most  expert  firing  (stoking)  cannot  secure 
immunity  from  serious  oscillations  of  steam-pressure.  The  skill  with 
which  these  engines  are  usually  handled  is  most  remarkable,  and  it  can 
only  be  the  product  of  long  practice  and  excessive  care. 

But  even  the  greatest  care,  directed  by  the  utmost  skill,  would  not 
avail  to  prevent  frequent  explosions,  were  it  not  for  the  fact  that  it 
rarely,  if  ever,  occurs  that  accidents  to  boilers  occur  from  low  water, 
unless  the  boiler  is  actuall}^  completely  emptied  of  water.  In  driving 
them  at  fires,  they  frequently  foam  so  violently  that  it  is  utterly  impos- 
sible to  obtain  any  clew  to  the  amount  of  water  present,  and  the  attend- 
ant usually  keeps  his  feed-pump  on  and  allows  the  foaming  to  go  on. 
As  long  as  water  is  passing  into  the  boiler  it  is  very  unlikely  that  any 
portion  will  become  overheated  and  that  accident  will  occur.  Such 
management  appears  very  reckless,  and  yet  accident  from  such  a cause 
is  exceedingly  rare,  even  if  any  such  accident  has  been  known. 

Where  it  is  uncertain  whether  there  is  sufficient  water  in  the  foaming 
boiler,  a prudent  engineer  is  careful  to  keep  his  feed-pump  on  and  his 
engine  running  until  he  can  find  the  water-level.  If  he  finds  himself 
actually  caught  with  an  overheated  boiler,  he  promptly  deadens  his 
fire  without^stirring  it,  avoiding  any  other  change  of  condition.  The 
best  way  to  proceed  is  probably  to  cover  the  fire  with  damp  ashes  or 
sand. 

125.  Historical  sketch. — The  steam  fire-engine  is  peculiarly  an 
American  production;  although  previously  attempted,  their  permanently 
successful  introduction  has  only  occurred  within  the  last  fifteen  years. 

As  early  as  1830,  Braithwaite,  of  London,  Great  Britain,  built  an 
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engine  with  steam  and  pump  cylinders  of  7 and  Gi  inches  diameter,  re- 
spectively, with  IG  inches  stroke  of  piston.  This  machine  weighed  two 
and  a half  tons,  and  is  said  to  have  thrown  150  gallons  of  water  per 
minute  to  a height  of  between  80  and  100  feet.  It  was  ready  for  work 
in  about  twenty  minutes  after  lighting  the  fire.  Braithwaite  afterward 
supplied  a more  powerful  engine  to  the  King  of  Prussia,  in  1832. 

The  first  attempt  made  in  the  United  States  to  construct  a steam 
fire-engine  was  probably"  that  of  Uodge,  who  built  one  in  New  York  in 
1841.  It  was  a strong  and  very  effective  machine,  but  was  far  too  heavy 
for  rapid  transportation. 

The  late  J.  K.  Fisher,  who  throughout  his  life  persistently  urged  the 
use  of  steam-carriages  and  traction-engines,  designing  and  building 
several,  also  planned  a steam  fire-engine.  Two  were  built  from  his 
design  by  the  Novelty  Works,  New  York,  about  18G0,  for  Messrs.  Lee 
& Lamed.  They  were  “ self-propellers,"  and  one  of  them,  built  for  the 
city  of  Philadelphia,  was  sent  across  on  the  highway,  driven  by  its  own 
engines.  The  other  was  built  for  and  used  by  the  New  York  fire  de- 
partment, and  did  good  service  for  several  years.  These  engines  were 
heavy,  but  very  powerful,  and  were  found  to  move  at  good  speed  under 
steam  and  to  mameuvre  well. 

The  Me.S8rs.  Latta,  of  Cincinnati,  soon  after  succeeded  in  construct- 
ing comparatively  light  and  very  effective  engines,  and  the  fire  depart- 
ment of  that  city  was  the  first  to  adopt  steam  fire-engines  definitely  as 
their  principal  reliance.  Tliis  change  has  now  become  general. 

A self-propelling  engine  by  the  Amoskeag  Company  had  the  follow- 
ing dimensions:  Weight,  four  tons ; speed,  eight  miles  per  hour;  steam- 
pressure,  75  pounds  per  scpiare  inch;  height  of  stream  from  IJ-iuch 
nozzle, 225  feet;  l}-iuch  nozzle,  150  feet;  distance  horizontally,  IJ-iiich 
nozzle,  .300  feet ; 1 J-inch,  250  feet. 

The  Fire-Extinguisher,  which  has  now  become  an  essential  article  of 
furniture  in  so  large  a proportion  of  the  houses  of  people  in  good  cir- 
cumstances in  the  United  States,  was  not  shown.  This  modern  repre- 
sentative of  the  “ Fire  Cart,"  introduced  by  Captain  Manby,  in  Great 
Britain,  a half  century  ago,  is  a very  important  modern  device,  and 
should  have  been  exhibited  in  all  its  variety  of  construction  and  moiiiit- 
ing.  One  of  the  Babcock  Manufacturing  Coiupany^s  carriages  would 
have  been  very  interesting  to  European  visitors,  and  its  lightness, 
power,  and  handiness  would  have  surprised  all. 
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STEAM-BOILERS  AND  ATTACHMENTS. 

Pitkin  Brothers’  boiler  ; The  Galloway  boiler  ; Trial  of  Galloway  boiler  ; 
Data  and  results  ; Howard’s  and  other  sectional  boilers  ; Historical 
sketch  of  sectional  boilers  ; Their  advantages  and  disadvantages  ; Test  of 
their  economical  performance  ; Method  of  it^KiNG  up  data  ; Tabular  exhibit 
of  results  ; Determination  of  percentage  of  priming  ; Final  relative  stand- 
ing ; Description  of  the  Howard  boiler  ; Special  advantages  ; The  Sinclair 
boiler  ; Adamson’s  boilers  ; The  boilers  of  Davey  & Paxman  ; The  Belle- 
ville boiler;  Boilers  of  Meyer,  Ehrhardt,  Bergman,  Paucksch  & Freund  ; 
Sigl’s  boiler  and  Leh’s  grate  ; Bolzano,  Tedesco  & Co.’s  boilers  ; Bolzano’s 
grate;  Berryman’s  heater  and  feed-water  regulator;  Green’s  and  Twibil’s 
economizers;  Injectors  of  Sellers,  Friedman,  and  Korting;  Philosophy  and 
history  op  the  injectors  ; Principles  of  steam-boiler  construction. 

126.  The  steam-boilers  exhibited  at  Vienna  were  not  remarkable  for 
their  number,  their  novelty  of  design,  nor,  generally,  for  exceptionally 
tine  workmanship.  One  boiler  only  was  exhibited  in  the  United  States 
section,  by  Pitkin  Brothers  & Co.,  of  Hartford,  Conn.*  It  was  a tubular 

” The  following  extract  from  a letter  from  Mr.  Pickering,  engineer  of  the  United 
States  Department  at  the  Vienna  Exhibition,  gives  interesting  information  concerning 
the  Pitkin  boiler  here  alluded  to.  It  was  54  inches  in  diameter,  16  feet  long,  with  51) 
tubes  3 inches  in  diameter  and  15  feet  loner: 

“ Your  boiler  was  subjected  to  the  customary  hydrostatic  test,  and  it  was  declared  by 
the  officer  in  charge  to  be  the  only  one  of  the  entire  collection  at  this  Exposition  which 

t st  w tliont  leal^in^.  .^^ud  now  the  boiler  has  been  in  constant 
use  nearly  two  and  a half  mouths,  and  has,  to  the  surprise  of  every  one,  (including  my- 
self,) supplied  our  department  with  all  the  steam  we  need,  and  that  with  very  easy 
firing  and  very  poor  coal.  We  are  running  daily  four  steam-engines : one  30,  two  8,  and 
one  3 horse-power ; one  650-pound  steam-hammer,  one  steam  puddling-machine  engine, 
of  5 horse-power,  three  steam-pumps,  and  other  machinery,  and  supplied  steam,  when 
wanted,  for  the  sand-blast  exhibit  of  Tilghman,  of  Philadelphia.  The  main  steam-pipe 
furnished  by  the  Austrian  General  Commission  is  of  very  thin  iron,  6 inches  in  diameter 
and  150  feet  long.  From  this  pipe  all  the  steam  is  supplied,  except  through  48  feet  of 
H-inch  pipe  continued  from  the  end  of  the  6-iach  pipe,  making  a total  distance  of  this 
last  engine  from  boiler  238  feet,  as  there  are  40  feet  of  3-inch  pipe  connecting  boiler 
to  the  6-inch  main  pipe.  This  steam  piping  is  not  covered,  and  consequently  condenses 
much  steam ; so  much,  in  fact,  that  it  was  necessary  to  place  a straw-trap  about  the 
middle  of  the  length  of  this  pipe  to  relieve  it  of  the  water  of  condensation.  The  ex- 
haust-pipes of  these  engines  and  pumps  are  so  far  from  the  boiler  that  it  was  found  im- 
practicable to  use  the  exhaust  steam  for  heating  the  feed-water ; consequently,  we  feed 
cold  water.  I am  now  more  than  ever  impressed  with  the  economy  and  safety  of  this 
style  of  boiler,  and  our  present  and  previous  commissioners,  as  well  as  myself,  desire 
to  express  our  thanks  for  your  liberality  and  promptness  in  furnishing,  for  use  of  the 
American  department  of  this  Exposition,  so  good  a boiler,  and  one  which  is  so  true  a 
sample  of  a style  of  boiler  now  so  much  in  use  in  the  United  States. 

“Very  truly  yours, 

“T.  R.  PICKERING, 

Engineer  United  States  Department,  Vienna  Exposition” 
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boiler  of  small  size,  of  good  proportion,  and  of  excellent  material  and 
workmanship.  The.  furnace  was  below  the  boiler,  the  gases  passing 
back  under  the  shell  and  returning  through  the  tubes.  The  boiler  did 
good  work  throughout  the  period  of  the  Exhibition. 

127.  In  the  British  section,  the  exhibit  of  Messrs.  W.  & J.  Gallo- 
way & Sons  is  interesting  as  illustrating  the  use  of  their  conical  tubes, 
(Fig.  58.)  These  are  verj^  largely  used  in  Great  Britain,  but  are  seldom 
if  ever  seen  in  the  United  States.  The  Cornish  boiler,  to  which  they 
are  usually  applied,  consists  of  a large  cylindrical  shell,  0 feet  or  more 
in  diameter,  containing  one  tube  of  about  one-half  as  great  dimensions, 
or  sometimes  two  of  one-third  the  diameter  of  the  shell  each.  Such  boil- 
ers have  a very  small  ratio  of  heating  to  grate  surface,  and  their  large 
tubes  are  peculiarly  liable  to  collapse. 

To  remove  these  objections,  tlie  Messrs.  Galloway  introduced  stay-tubes 


Fig.  58. 


(Figs.  58,  59,  60)  into  the  flues,  which  tubes  are  conical  in  form,  and 
are  set  in  either  a vertical  or  an  inclined  position,  the  larger  end  upper 
most.  The  area  of  heating-surface  is  thus  greatly  increased,  and,  at  the 
same  time,  the  liability  to  collapse  is  reduced.  It  is  stated  that  more  than 
100,009  of  these  tubes  are  in  use.  The  same  results  are  obtained  hy 
another  dev^ice  of  Galloway,  which  is  sometimes,  as  atYienua,  combined 
with  that  just  described  in  the  same  boiler.  Sev^eral  sheets  in  the  flue 
are  worked  in  “pockets”  which  project  into  the  flue-passage. 

The  Galloway  boilers  exhibited  are  shown  in  elevation,  plan  and  sec- 
tions, (Figs.  57,  59,  and  GO,)  and  had  each  two  furnace-flues,  of  34  inches 
diameter  each,  opening  into  one  large  elliptical  flue  69  inches  wide  by  36 
inches  high,  its  inner  axis  v^ertical,  which  was  stayed  by  24  Galloway 
tubes,  (Fig.  59,)  and  by  six  side-pockets,  as  seen  in  Fig.  60.  The  gases 
Issued  from  the  rear  end  of  the  boiler,  and  thence  passed  underneath  it 
to  the  chimney.  The  shell  was  24  feet  long  and  7 feet  in  diameter. 

128.  Trial  of  a Galloway  boiler. — The  following  report  of  a trial 
of  a Galloway  boiler  at  the  mill  of  G.  B.  Collins,  esq.,  at  which  were 
present  the  editor  of  “Engineering,”  0.  B.  Collins,  esq.,  Byron  Donkin, 
esq.,  engineer,  London,  and  Chas.  J.  Galloway,  Manchester,  was  handed 
the  writer  by  the  exhibitors. 

The  boiler  was  rated  by  the  makers  as  a 55-horse-power  boiler,  was  26  feet 
long  by  7 feet  in  diameter,  and  was  made  of  |-inch  plates,  double-riveted 
at  the  longitudinal  seams.  The  two  front  flues  were  each  2 feet  10  inches 
in  diameter  and  7 feet  long;  they  were  made  of  f inch  plates,  with  welded 
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seams,  and  were  strengthened  by  T -iron  rings,  while  the  back  flue,  which 
was  of  elliptical  section,  had  a horizontal  diameter  of  5 feet  8 inches  and 
a vertical  diameter  of  3 feet.  This  back  flue  was  traversed  by  27  Gallo- 
way tubes,  each  lOJ  inches  diameter  inside  at  the  top  and  5J  inches  at 
the  bottom,  while  it  was  also  made  with  a pair  of  side  pockets, these 
‘‘pockets’^  causing  the  mixture  of  the  gases  coming  from  the  two  front 
flues.  The  fire-bars  of  each  grate  were  in  three  2-feet  lengths,  an  d the  fire- 
grate area  is  33  square  feet.  The  hot  gases,  on  escaping  from  the  back 
flue,  are  led  along  the  two  sides  of  the  boiler  and  then  back  under  the 
bottom  of  the  latter  to  the  chimney. 

The  total  heating-surface  of  the  boilers  was  as  follows : 

Square 

feet. 


Fire-boxes 72 

Over-fine 240 

Twenty-seven  cone-tubes  and  two  pockets 144 

Side-flues  220 

Bottom-flue _ 72 


Total ■ 748 


The  boiler  had  been  thoroughly  cleaned  out  and  the  flues  swept  prior 
to  the  trial,  and  it  had,  in  fact,  only  been  lighted  up  about  twenty-one 
hours  when  the  trial  commenced,  so  that  the  brickwork  setting  was 
scarcely  thoroughly  warmed  through.  This  was  slightly  against  it,  as 
was  also  the  fact  that  it  was  worked  very  much  below  its  real  power,  so 
that  the  constant  losses  due  to  radiation,  »&c.,  went  far  to  balance  any 
advantage  due  to  the  slow  combustion  and  the  very  moderate  evapora- 
tion per  square  foot  of  heating-surface.  * The  boiler  was  fed  by  a small 
donkey-pump,  this  pump  being,  during  the  experiment,  supplied  with 
steam  from  an  adjacent  boiler,  so  that  its  use  should  not  affect  the  re- 
sults obtained  from  the  main  engine.  The  boiler  under  trial  was  situated 
at  the  end  of  a range  of  boilers  to  which  the  steam-pipe  was  connected. 
To  do  away  with  any  chance  of  leakage  through  the  one  connecting 
stop-valve,  however,  the  adjacent  boiler  was  kept  at  the  same  pressure 
as  that  under  trial  during  the  whole  of  the  experiment,  so  that  there 
should  not  be  the  slightest  tendency  to  leak  either  way.  The  boiler  was 
carefully  lagged,  as  was  also  the  steam-pipe  which  connected  it  with  the 
engine. 

The  boiler  was  fed  from  a small  cast-iron  tank,  situated  by  its  side, 
and  to  which  the  donkey-pump  already  mentioned  was  attached.  This 
tank  was  fitted  with  a gauge  showing  the  water-level,  and  at  the  end 
of  the  experiment  the  water  was  brought  to  precisely  the  same  level 
as  that  at  which  it  stood  at  the  commencement.  The  water  used  was 
filled  into  the  tank  by  two  cylindrical  cans,  each  closed  at  the  upper 
end,  with  the  exception  of  a small  opening,  so  that  they  could  be  accu- 
rately filled.  The  number  of  can-fulls  of  water  used  was  noted  by  two 
observers,  whose  records  w^ere  found  to  agree,  and  the  cans  themselves 
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carefully  weighed  full  and  empty,  and  the  weight  of  water  used  thus 
ascertained.  The  temperature  of  the  feed- water  was  also  taken  at  inter- 
vals of  about  20  minutes. 

Before  the  experiment  commenced,  all  coals  were  cleared  completely 
away  from  the  front  of  the  boiler,  and  into  the  space  thus  made  the 
coals  to  be  used  on  the  trial  were  weighed,  under  the  supervision  of 
Mr.  Collins.  The  coals  used  were  Powell’s  DuftVyn,  and  were  of  excel- 
lent quality.  In  commencing  the  experiment  at  9.30  a.  m.,  on  a signal 
being  given  from  the  engine-house,  the  water-level  in  the  boiler  was 
marked  on  a scale  fixed  to  the  glass  of  the  water-gauge,  the  pressure  of 
steam  was  noted,  and  both  fires  were  drawn  at  once,  with  the  exception 
of  about  a shovel-full  left  in  each  furnace  for  re  lighting.  About  12 
pounds  of  wood  were  then  thrown  in,  and  the  firing  commenced  with 
the  weighed  coal,  the  drawn  fires  being  cleared  away.  When  the  fires 
were  drawn,  the  steam  stood  at  50  pounds  per  square  inch,  in  five  min- 
utes it  had  fallen  to  49  pounds,  but  in  fifteen  minutes  it  had  risen  again 
to  49 J pounds,  and  in  twenty-five  minutes  it  was  at  54  pounds.  During 
the  day  it  was  kept  almost  constantly  at  53  pounds,  scarcely  ever  vary- 
ing from  this  pressure  more  than  a couple  of  pounds,  and  the  mean  of 
forty-nine  observations,  taken  at  intervals  of  twelve  minutes,  showed 
the  pressure  last  mentioned  to  be  the  average  throughout  the  experi- 
ment. At  6.45  p.  m.,  when  the  experiment  was  - approaching  a close, 
the  pressure  was  51J  pounds,  while  at  the  end  of  the  trial  it  was  49f 
pounds,  or  almost  exactly  the  same  as  at  the  beginning,  while  the  water- 
level  was  also  precisely  the  same.  On  notice  being  given  from  the 
eugine-house  that  the  trial  was  completed,  both  fires  were  drawn,  and 
the  coal,  cinders,  &c.,  taken  out  and  set  on  one  side  to  cool,  while  at  the 
same  time  the  ash-pits  were  cleaned  out. 

129.  When  cool,  the  materials  drawn  from  the  fires  were  passed  over 
a sieve  with  ^-inch  meshes,  and  the  clinkers  picked  out  by  hand,  and 
the  weights  were  then  found  to  be  as  follows  : 


Cwt. 

Qr. 

Lbs. 

Cinders 

0 

15 

Siftings 

0 

26 

Clinkers 

0 

10 

Dirt  from  ash-pit  ...  

1 

25 

Total 

3 

20 

The  total  amount  of  coal  charged  into  the  furnaces  during  the  trial 
was  12  cwt.,  and  the  quantity  consumed  was  thus  9 cwt.  0 qr.  18  lbs.= 
1,016  lbs.  plus  its  proper  proportion  of  the  dirt.  Of  the  siftings,  one-half 
was  judged  to  be  good  fuel  and  the  other  half  dirt,  and  the  total  quantity 
of  dirt  was  thus  13  lbs.  siftings-flO  lbs.  clinkers-f53  lbs.  from  ash-pit= 
76  lbs.  in  all,  or  almost  exactly  5.66  per  cent.  Of  this  76  lbs.  of  dirt, 
12  lbs.  (a  quantity  rather  below  the  proper  percentage)  was  taken  as 
belonging  to  the  239  lbs.  of  cinders  drawn  from  the  fire,  and  the  re- 
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iiiaiuder,  G1  lbs.,  was  added  to  the  fuel  actually  consumed,  tluis  raising 
tlib  latter  to  1,080  lbs. 

Tlie  quantity  of  water  fed  into  the  boiler  during  tbo  trial  was  11,691 
lbs.,  and  the  evaporation,  therefore,  took  place  at  the  rate,  of 
10.82  lbs.  of  water  per  pound  of  coal.  Considering  that  the  mean  temper- 
ature of  the  feed  was  Oljo,  this  was  a remarkably  high  evaporation,  and 
aftords  good  testimony  as  to  tlie  elliciency  of  the  boiler.*  We  may  add  that 
the  experiments  made  on  the  engine  prove  decisively  that  the  quantity 
of  water  abov  e mentioned  was  really  evaporated,  and  that  none  of  it 
passed  away  in  priming.t  This  is  an  imi>ortant  point,  and  it  is  one  of 
many  in  favor  of  the  system  of  engine-testing  adopted  on  the  occasion 
of  which  we  are  speaking.  It  will  bo  noted  that  during  the  trial  the 
boiler  was  worked  far  below  its  real  power,  the  rate  of  evaporation 
being  but  1.50  pounds  per  square  foot  of  total  heating-surface  per  hour. 
There  can  be  no  doubt  that  this  contributed  to  the  economical  results 
obtained;  but  at  the  same  time,  for  reasons  to  which  we  have  before 
referred,  the  advantage  gained  by  this  very  slow  rate  of  evaporation 
was  not  so  great  as  might  at  llrst  sight  be  supposed.  In  February,  last 
year,  the  same  boiler  was  tested  with  an  evaporation  of  28,087  pounds 
of  water  in  ten  hours,  (a  qiiaiitity  nearly  two  and  a half  times  as  great 
as  that  evaporated  during  this  trial,)  and  this  weight  was  evaporated 
with  a consumption  of  2,911)  pounds  of  coals,  containing  2.8  per  cent,  of 
dirt,  the  evaporation  being  thus  rated  at  9,022  pounds  j>or  pound  of 
coal.  In  this  insLiuce  the  temperature  of  the  feed  was  75®,  and  the 
general  conditions  and  arrangements  for  ascertaining  the  results  were 


* It  may  bo  convenient  for  couipariHon  with  data  derived  from  other  oxi)eriiueut8 
to  reduce  the  n^iilts  above  elated  to  the  equivulont  evaporation  from  a tomporature 
of  *212'^,  and  under  the  ordinary  atmoHpberic  preaHure.  To  do  thia  wo  may  employ  the 
convenient  and  well-known  formula  of  I’rofossor  Kankino  to  dolonuino  what  ho  has 
termed  the  factor  of  evaporation.  This  formula  ia — 


Factor  x 


0.3  (T,  - 212-')  X (212  T*) 
ihiti 


in  which  Ti  = tho  tempor.ature  at  which  ewaporatiou  Lakea  phaco,  and  Ti  =the 
initial  temperature  of  the  food.  In  the  cane  of  oxperiuiente  above  recorded,  Ti=310.2'^, 
that  being  the  temperature  of  steam  at  a pressure  of  53  pounds  above  the  atmosphere, 
while  Ta  = 61|°.  The  factor  was  thus  : 


,0.3(310.2-212)  X (212-61.7.5)  _ 179.71 

Multiplying  now  tlie  evaporation  obtaiiioil  during  the  exporimonts  by  this  factor, 
we  get  10.82  X 1,180  = 12.83  pounds,  as  the  equivalent  evaporation  which  would  h.iVe 
been  obtained  if  the  feed  had  boon  suppliorl  at  212^,  and  tbo  water  boiled  oft  under 
ordinary  mean  atmospheric  pressure. 

t Unfortunately,  it  remaiiia  uncertain  how  much  of  this  was  water  actually  evapo- 
rated and  how  much  w.as  “ primed.^’ 

The  remark,  made  above  iu  regard  to  determining  this  by  experiments  upon  the 
engine,  can  hardly  be  accepted  as  decisive  on  this  point.  See  Art.  136  for  the  method 
adopted  by  the  author  iu  determiniug  accurately  the  extent  to  which  priming  oc 
curs. — R.  H.  T. 
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similar  to  those  adopted  at  the  more  recent  trial.  For  convenience  of 
reference  we  give  here,  in  a tabular  form,  a comparison  of  the  principal 
data  derived  from  this  trial  and  from  that  of  February,  1871. 


Trial  Febrn-  Trial  Octo- 
.aryS,  1871.  ber  11, 1871. 


Quantity  of  coals  burnocl  per  hour pounds.. 

Quantity  of  coals  burned  per  square  foot  of  grate do 

Quantity  of  coals  burned  per  square  foot  of  heating-surface do.... 

Quantity  of  water  evaporated  per  hour  from  above  temperature do... 

Quantity  of  water  evaporated  per  pound  of  coal do 

Quantity  of  water  evaporated  from  temperature  of  feed  per  square  foot  of 

heating-surface  per  hour pounds.. 

Equivalent  quantity  of  water  which  would  have  been  evaporated  from  a 
temperature  of  212°,  and  under  atmospheric  pressure  for  each  pound  of 

coal  consumed,  (by  Professor  Eankine’s  formula) pounds.. 

Percentage  of  dirt  and  clinkers per  cent.. 

Temperature  of  feed degrees.. 


291.9 

8.  85 
0.39 

2, 808.  7 

9.  G22 

3.  75 


11. 28 
2.8 
75 


108 
3.  27 
0. 144 
1, 169. 1 
10.  82 

1. 56 


12.83 

5.66 

61.75 


EESULTS  of  the  TRIAL  OF  A GALLOWAY  BOILER,  OCTOBER  11,  1871. 

Square  feet. 


Heating-surface,  fire-boxes 72 

oval  flue 240 

27  cone-tubes  and  two  pockets 144 

side  flues  220 

bottom  flues 72 


Total 748 

Fire-grate  area 33 


Results  of  trial. 

Duration  of  trial,  from  9.30  a.  m.  to  7.30  p.  m 10  hours. 

Mean  pressure  per  square  inch  of  steam  in  boiler-house,  aver- 
age of  49  observations  made  at  intervals  of  about  12  min- 
utes   53  pounds. 

Initial  temperature — mean  of  28  observations 61.  75^ 


© 


a> 

CJ 


Pounds. 

\ Quantity  evaporated  during  10  hours  = 108  cans,  weight 

of  each  can  108J  pounds 11^  691 

^ J Quantity  evaporated  per  hour 1^  169. 1 

3 1 Quantity  evaporated  per  minute 19.48 

^ Quantity  evaporated  per  indicated  horse-power  per  hour  20.55 

(^Quantity  evaporated  per  pound  of  coal  consumed 10.82 

' Description:  PowelPs  Duflryn. 

Quantity  consumed  during  ten  hours 1, 080 

. Quantity  consumed  per  square  foot  of  fine-grate  per 

\ hour  3.27 

Quantity  consumed  per  indicated  horse-power  per 

hour  1.91 

Percentage  5.66  per  cent. 

Average  temperature  of  outer  boiler 570 

Average  temperature  in  boiler 63'^ 


c3 

O 

O 
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From  tlio  above  experiment  it  will  be  seen  that  the  ^‘Galloway” 
boiler  evaporated  10.82  pounds  of  cold  water  per  pound  of  Welsh  coal. 
ITad  the  temperature  of  the  f(;ed  been  raised  to  212°  (which  is  oftou 
exceeded  where  an  economizer  is  used)  and  the  water  evaporated  at 
atmospheric  pressure,  the  result  would  have  been  12.83  pounds  of  water 
per  pound  of  coal,  an  evaporation  which  has  perhaps  never  beou 
exceeded  by  auy  other  form  of  boiler.  * 

The  boiler  in  this  case  was  worked  much  under  its  ordinary  power, 
as,  with  a condensing  engine,  in  good  working  order,  it  would  drive  250 
indicated  horse-power  with  a pressure  of  50  ])ouuds  or  GO  pounds  of 
steam. 

130.  Messrs.  Howard,  of  Bedford,  England,  exhibited  a boiler  of  a 
type  which,  in  the  United  States,  is  largely  known  as  the  sectional 
boiler.  In  this  class,  of  which  there  are  many  tiifferent  kinds  in  the 
market,  the  water-space  of  the  boiler  is  contained  in  a large  number  of 
small  compartments,  each  of  which  is  very  strong,  and  tlio  explosion  of 
any  one  of  which  is  not  likely  to  produce  that  destruction  of  j)ropert.y 
and  that  great  loss  of  life  which  so  frequently  follow  the  explosion  of 
the  more  common  kind  of  boiler. 

131.  Historical  sketch  of  sectional  boilers.— The  earliest 
boiler  of  this  class  was  probably  that  of  Col.  John  Stevens,  of  Ilobokeu, 
N.  J.,  still  preserved  and  now  in  the  possession  of  the  Stevens  Institute 
of  Technology,  Dr.  Alban  forty  years  later  attempted  to  bring  this 
type  into  general  use,  and  constructed  a number  of  such  boilers.  Their 
introduction,  like  that  of  all  radical  changes  in  engineering,  has  been 
but  slow,  and  it  has  been  only  recently  that  their  manufacture  has 
become  an  importsint  branch  of  industry. 

A committee  of  the  American  Institute,  of  which  the  writer  was  chair- 
man, in  1871,  examined  several  boilers  of  this  and  the  ordinary  type  very 
carefully,  and  reported  that  they  felt  “confident  that  the  introduction  of 
this  class  of  steam-boilers  will  do  much  toward  the  removal  of  the  cause 
of  that  universal  feeling  of  distrust  which  renders  the  presence  of  a steam- 
boiler  so  objectionable  in  every  locality.  The  dilliculties  in  thoroughly 
inspecting  these  boilers,  in  regulating  their  action,  and  other  faults  of 
the  class  are  gradually  being  overcome,  and  the  committee  look  forward 
with  confidence  to  the  time  when  their  use  will  become  general,  to  the 
exclusion  of  older  and  more  dangerous  forms  of  steam-boilers.” 

132.  Value  OF  sectional  boilers. — The  economical  perforiDaiico  ot 
these  boilers  with  a similar  ratio  of  heating  to  grate  surface  should  be 
equal  to  that  of  other  kinds.  In  fiict  they  are  usually’  giv’cn  a somewhat 
higher  ratio,  and  their  economy^  of  fuel  frequently  exceeds  that  of  the 
other  types.  Their  principal  defect  is  their  small  capacity  for  steam 
and  water,  which  makes  it  extremely^  difiicult  to  obtain  steady  steam- 
pressure. 

Where  they’  are  employed,  the  feed  and  draught  should  be,  if  possible, 


• See  precotUng  foot-note. — K.  H.  T. 
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controlled  by  automatic  attachments,  and  the  feed-water  heated  to  the 
highest  attainable  temperature.  At  best,  their  satisfactory  working 
depends,  more  than  in  other  cases,  on  the  skill  of  the  fireman,  and  can 
only  be  secured  by  the  exercise  of  both  care  and  skill. 

133.  Economy  of  sectional  boilers. — The  comparative  economical 
efficiency  of  this  class  of  boilers  is  well  exhibited  by  the  report  of  the 
committee  above  alluded  to 5 and  their  report  is  the  more  interesting 
from  the  fact  that  it  embodies  the  results  of  trials  in  which  the  actual 
evaporative  powers  of  boilers  were  determined,  evading  the  error  which 
is  usually  produced  where  the  water  passing  off  with  the  steam,  as  in 
the  last-described  trial,  is  not  measured  and  its  weight  deducted  from 
the  apparent  weight  of  steam  formed. 


licaulta  of  a competitive  trial  of  Sectional  and  other  Steam- Boilera. 
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The  boilers  tested  were  A and  B,  true  ‘^sectional  boilers j”  O,  a semi- 
sectional, and  D and  E,  boilers  which  were  tubular  boilers  of  more  nearly 
. the  ordinary  type.  All  of  the  steam  formed  was  condensed  in  a surface-con- 
denser of  1,100  square  feet  area  of  refrigerating-surtace.  The  coal  used 
was  anthracite,  of  excellent  quality,  containing  91  per  cent,  carbon,  and 
capable  of  affording,  if  perfectly  utilized,  13,197  British  thermal  units  of 
heat  per  pound  of  coal,  and  of  evaporating  13.65  pounds  of  water  at 
the  boiling-point. 

The  preceding  table,  exhibiting  the  results  of  the  trials,  which  were 
of  twelve  hours’  duration  each,  affords  valuable  information  not  readily 
obtainable : 

135.  In  calculating  the  results  from  the  record  of  the  logs,  the  com- 
mittee first  determined  the  amount  of  heat  carried  away  by  the  con- 
densing water  by  deducting  the  temperature  at  which  it  entered  from 
that  at  which  it  passed  off.  To  this  quantity  is  added  the  heat  which 
was  carriecl  away  by  evaporation  from  the  surface  of  the  tank,  as  deter- 
mined by  placing  a cup  of  water  in  the  tank  at  the  top  of  the  condenser 
at  such  height  that  the  level  of  the  water  inside  and  outside  the  cup 
were  the  same,  noting  the  difference  of  temperatures  of  the  water  in  the 
cup  and  at  the  overflow,  and  the  loss  by  evaporation  from  the  cup.  The 
amount  of  evaporation  from  the  surface  of  the  water  in  the  cup  and  in 
the  condenser,  which  latter  was  exposed  to  the  air,  was  considered  as 
approximately  proportional  to  the  tension  of  vapor  due  their  tempera- 
tures, and  was  so  taken  in  the  estimate.  The  excess  of  heat  in  the 
water  of  condensation  over  that  in  the  feed- water  also  evidently  came 
from  the  fuel,  and  this  quantity  was  also  added  to  those  already  men- 
tioned. 

The  total  quantities  were,  in  thermal  units,  as  follows : 


A 34,072,058.09 

B 48,241,833.00 

0 ...  24,004,601.14 

B : 38,737,217.57 

E 11,951,002.10 


These  quantities,  being  divided  by  the  weight  of  combustible  used  in 
each  boiler  during  the  test,  will  give  a measure  of  their  relative  eco- 
nomical efficiency  5 and,  divided  by  the  number  of  square  feet  of  heating- 
surface,  will  indicate  their  relative  capacity  for  making  steam.  But  as 
it  was  the  intention  of  the  committee  to  endeavor  to  establish  a practi- 
cally-correct  measure  that  should  serve  as  a standard  of  comparison  in 
subsequent  trials,  it  was  advisable  to  correct  these  amounts  by  ascer- 
taining how  and  where  errors  had  entered,  and  introducing  the  proper 
correction.  There  were  two  sources  of  error  that  are  considered  to  have 
affected  the  result  as  above  obtained.  The  tank  being  of  wood,  a con- 
siderable quantity  of  water  entering  it,  leaked  out  again  at  the  bottom,’ 
without  increase  of  temperature,  instead  of  passing  through  the  tank 
and.  carrying  away  the  heat,  as  it  is  assumed  to  have  done  in  the  above 
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calciilatiou.  The  meters  also  registered  rather  more  water  than  actually 
passed  tliroiigli  them,  and  this  excess  assists  in  making  the  above  figmes 
too  high.  The  sum  of  these  errors  the  committee  estimated  at  4 per  • 
cent,  of  the  total  quantity  of  heat  carried  away  by  the  condensing 
water.  The  other  two  quantities  were  considered  very  nearly  correct. 

Making  these  deductions,  we  have  the  following  as  the  total  heat,  in 
British  thermal  units,  which  was  thrown  into  the  condenser  by  each 
boiler : 


A * 32,751,835.34 

B 40,387,827,10 

C 23,000,085.39 

D 37,228,739.07 

E • 11,485,777.35 


That  the  figures  thus  obtained  are  very  accurate  is  shown  by  calcu- 
lating the  heat  transferred  to  the  condenser  by  A and  B,  (both  of  which 
superheated  their  steam,)  by  basing  the  calculation  on  the  temperature 
of  the  steam  in  the  boiler,  as  given  by  the  thermometer,  the  results  thus 
obtained  being  32,723,081.70  and  10,483,322.5,  respectively. 

Dividing  these  totals  by  the  pounds  of  combustible  consumed  by  each 
boiler,  we  get  as  the  (piantity  of  heat  per  pound,  and  as  a measure  of 
the  relative  economic  efficiency  : 


A 10,281.53 

B 10,240.92 

C 10,143.66 

D 10,048.24 

E 10,964.94 


Determining  the  weight,  in  pounds,  of  water  evaporated  per  square 
foot  of  heating-surface  i>er  hour,  wo  get  as  a measure  of  the  steaming 
capacity : 


A 2.65 

3.59 

2.33 

B 3.10 

1«02 


The  quantity  of  heat  per  pound  of  combustible,  as  above  determined, 
being  divided  by  the  latent  heat  of  steam  at  212^  Fahrenheit,  (966^.6,) 
gives  as  the  equivalent  evaporation  of  water  at  the  pressure  of  the 

atmosphere,  and  with  the  feed  at  a temperature  of  212<^  Fahrenheit : 

A......... 10.04 

B ^ . 10.60 

0 ^ 10.49 

B ^ 10.40 

E 11*  34 


For  general  purposes,  this  is  the  most  useful  method  of  comparison  | 
for  economy. 

The  above  figures  afford  a means  of  comparisou  of  the  boilers, 
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irresp9ctiv6  of  tlio  coiiclitioii  (wot  or  dry)  of  tlie  stOtini  fiirnisliGd 
by  tbein.  All  other  things  being  equal,  however,  the  committee  con- 
sidered that  boiler  to  excel  which  furnished  the  driest  steam;  provided 
that  the  superheating,  if  any,  did  not  exceed  about  100^. 

In  this  trial  the  superheating  was  as  follows: 

160. 08 

J5  1^‘ 

O 




136.  As  the  boilers  ODE  did  not  superheat,  it  became  an  inter- 
esting and  important  problem  to  determine  the  quantity  of  water  carried 
over  by  each  with  the  steam.  This  we  are  able,  by  the  method  adopted, 
to  determine  with  great  facility  and  accuracy. 

Each  pound  of  saturated  steam  transferred  to  the  condensing  water 
the  quantity  of  heat  which  had  been  required  to  raise  it  from  the  tem- 
perature of  the  water  of  condensation  to  that  due  to  the  pressure  at 
which  it  left  the  boiler,  the  heat  required  to  evaporate  it  at  that 
temperature.  Each  pound  of  water  gives  up  only  the  quantity  of  heat 
required  to  raise  it  from  the  temperature  of  the  water  of  condensation 
to  that  of  the  steam,  with  which  it  is  mingled.  The  total  amount  of 
heat  is  made  up  of  two  quantities,  therefore,  and  a very  simple  algebraic 
equation  may  be  constructed,  which  shall  express  the  conditions  of  the 
problem : 

Let — 

H =heat  units  transferred  per  pound  of  steam. 

h =heat  units  transferred  per  iiound  of  water. 

U = total  quantity  of  heat  transferred  to  condenser. 

W = total  weight  of  steam  and  water,  or  of  feed-water. 

X = total  weight  of  steam. 

W —oc  = total  weight  of  water  primed. 


Then — 


D 

h 

H a?  + ( W — a?)  = D ; or  a?  = ^ 

li 


W 


1 


Substituting  the  proper  values  in  this  equation,  we  determine  the 
absolute  weights  and  percentages  of  steam  and  water  delivered  by  the 


several  boilers,  as  follows: 


Weight  of 
steam. 

Weight  of 
water. 

Percentage  of 
water  primed 
to  water  evap- 
orated. 

27,  896. 

0. 

0. 

39,  670. 

0. 

0. 

19,  782.  94 

645. 06 

3. 26 

31,  663.  35 

2, 336. 65 

6.9 

9,  855. 6 

296.9 

3. 

124  VIENNA  INTERNATIONAL  EXIIIRITION,  1873. 

And  the  amount  of  water,  in  pounds,  actually  evaporated  per  pound 


of  combustible — 

A 8.76 

B - 8.76 

0 8.70 

D 8.55 

E ^ 9.41 


137.  Comparing  the  above  results,  the  committee  were  enabled  to 
state  the  following  order  of  capacity  and  of  economy,  in  the  boilers 
exhibited,  and  their  relative  percentage  of  useful  elfect,  as  compared 
with  the  economical  value  of  a steam-boiler  that  should  utilize  all  of 
the  heat  contained  in  the  fuel: 


Stoaiuing 

c.npacity. 

Economy 
of  fuel. 

Percentage 
of  econom- 
ical effect. 

A 

No.  •! 

No.  2 

0. 709 

B 

1 

3 

0. 707 

c 

3 

4 

0.699 

1) 

2 

5 

0.693 

E 

5 

1 

0. 756 

The  results  obtained,  as  above,  and  other  very  useful  determinations 
deriA'cd  from  this  extremely  interesting  trial,  were  given  in  the  table, 
as  a valuable  standard  set  of  data  with  which  to  c<)mpare  the  results  of 
other  trials,  and  as  a useful  aid  in  judging  of  the  accuracy  of  state- 
ments made  by  boiler- venders  in  the  endeavor  to  elfect  sales  by  pre- 
senting extravagant  claims  of  economy  in  fuel. 

As  some  authorities  consider  the  evaporation  of  one  cubic  foot  per 
hour  to  bo  the  ecpiivalont  of  one  horse  power,  column  Z was  introduced 
into  the  above  table  to  give  the  area  of  heating-surface  recpiired  in  each 
boiler,  per  horse-power,  on  this  basis.  A good  modern  steam-engine 
ought  not  to  require  more  than  one-half  the  specilied  amount. 

This  class  of  boilers  is  thus  seen  to  be  very  economical.  The  boiler 
E should  be  expected  to  excel,  in  consequence  of  its  immense  area  of 
heating-surface. 

138.  Tue  nowARD  BOILER.— The  boiler  of  Messrs,  lloward,  as  exhib- 
ited at  Vienna,  (Fig.  Cl,)  was  of  the  same  class  as  boiler  A above,  and 
with  similar  proportion  should  give  equally  good  results.  It  consisted  of 
20  tubes,  of  9 feet  length  and  9 inches  diameter  each,  a size  about  twice 
as  great  as  those  of  the  boilers  just  referred  to.  They  were  phiced  in  a 
position  slightly  inclined  from  the  horizontal,  very  much  as  in  the  boiler 
known  in  the  United  States  as  the  Root  boiler.  The  steam-drum  was 
formed  by  a larger  cylinder  placed  above  the  tubes  and  set  in  a line  at 
right  angles  to  that  of  the  smaller  tubes.  A similar  but  smaller  cylin- 
der at  the  lower  part  of  the  back  end  of  the  boiler  received  the  feed- 
water  and  distributed  it  to  the  several  sets  of  tubes.  The  tubes  ^'e^e 
lapwelded.  Their  front  ends  were  plugged  with  iron  screw-caps,  and 
the  rear  ends,  which  were  slightly  raised,  were  screwed  into  a set  of  Ner- 
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61a. — The  Howard  boiler — transverse  section 
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tical  tubes,  which  formed  the  only  comimiiiicatiou  between  them.  The 
water-line  in  this  boiler  crossed  the  second  row  of  tubes,  leaving  the  top 
row  and  a part  of  that  next  below  as  a reservoir  for  steam  and  a super- 
heater,  or,  more  properly,  a “ steam-drier.’'  The  grate  is  below  the 
tubes  and  the  gas  is  caused  to  wind  among  them,  pursuing  a rather  cir- 
cuitous course  to  the  chimney  by  means  of  banie-phites  laid  horizon- 
tally between  the  layers  of  tubes.  Messrs,  lloward  were  said  to  give 
about  20  square  feet  of  heating-surface  and  one-half  srpiare  foot  of  grate 
for  each  horse-power.  As  the  term  “ horse-power  ” applied  to  a steam- 
boiler  has  no  definite  meaning,  it  is  uncertain  whether  this  is  a liberal 
allowance  or  not.  Assuming  the  horse-power  to  represent  the  evapora- 
tion of  one  cubic  foot  of  water  per  hour,  as  in  the  table  above  given, 
this  allowance  would  seem  none  too  great. 

The  boiler  is  simple  in  construction,  very  strong,  and  injured  tubes 
can  be  (piite  readily  replaced.  It  is  said  to  make  steam  freely  and(iuite 
steadily,  and  is  looked  upon  as  a good  example  of  this  class  of  steam- 
boiler. 

130.  Tlio  ^lessrs.  lloward  state  that  every  boiler  is  tested  to  three 
times  its  working  pressun*,  and  that  the  bursting  pressure  of  the  tubes 
is  at  least  1,500  pounds  per  srpiare  inch.  They  claim  for  it  great  sim- 
plicity of  parts,  facility  of  repairs,  and  durability,  as  well  as  safety. 
They  add  that  in  the  Howard  boiler  there  are  neither  seams  nor  rivets, 
and  no  joint  is  exposed  to  the  direct  action  of  the  fire;  the  tubes  are 
counterparts  of  each  other,  and  every  part  is  made  on  the  interchange- 
able principle,  and  it  is  more  readily  accessible,  both  internally  aud 
externally,  for  thorough  inspection  and  cleaning  tlian  almost  any  other 
form  of  boiler;  and  that,  with  their  boiler,  a pressure  of  120  to  HO 
pounds  per  square  inch  is  more  secure  than  ordinary  boilers  working  at 
50  pounds;  while  experience  has  shown  that,  on  the  great  question  of 
economy  of  fuel,  the  holies  entertained  that  the  higher  pressure  of  steam 
would,  under  proper  conditions,  lead  to  an  important  saving  of  coab 
have  been  realized.  This  boiler  in  many  instances,  on  a large  scale,  is 
w’orking  with  great  economy.  The  boiler  can  be  taken  to  pieces  and 
carried  in  ordinary  railway-trucks.  For  exportation  it  can  be  packed 
in  a very  small  compass,  and  can  bo  transported  on  bad  roads  and 
through  mountainous  districts.  The  space  occupied  by  the  boiler  when 
fixed  is  little  more  than  half  that  required  for  a Cornish  boiler  of  the 
same  power,  and  the  principle  mlmits  of  boilers  being  constructed  so  as  to 
suit  almost  any  position.  The  brick-work  setting  is  plain.  Where  there 
is  only  one  boiler,  it  is  set  between  two  straight  brick  walls ; where 
there  are  two  or  more  boilers,  a dividing  wall  is  all  that  is  required  in 
addition. 

These  boilers  have  now  been  in  use  nearly  seven  years.  They  have 
been  applied  to  nearly  ever}'  purpose  for  which  steam-power  is  required, 
and  have  been  working  under  varied  conditions  and  manageuient. 
These  fiicts  are  otfered  as  good  evidence  that  the  principle  of  the  boiler 
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has  been  appreciated,  and  as  proof  that  a large  amount  of  practical  suc- 
cess has  been  achieved. 

Messrs.  J.  & F.  Howard  constructed  in  January,  1866,  for  their  own 
works,  a boiler  of  40  horse-power,  upon  the  tubulous  principle.  After 
many  experiments  with  both  vertical  and  horizontal  tubes,  conducted 
with  care,  and  after  some  improvements  had  been  effected,  other  boilers 
on  the  same  principle  were  fixed,  replacing  Cornish  boilers  previously 
in  use.  The  results  of  their  working  were  so  satisfactory  that  they  were 
led  to  direct  public  attention  to  this  form  of  boiler,  and  the  experience 
of  the  last  six  years  has,  as  they  affirm,  confirmed  their  expectations 
and  proved  the  utility  of  the  boiler  for  almost  every  purpose  for  which 
steam-power  is  used.  Many  engineers  and  manufacturers,  both  at  home 
and  abroad,  have  adopted  them  on  a large  scale. 

140.  A somewhat  similar  steam-boiler,  called  the  “ Sinclair  boiler,” 
exhibited  by  McNicol,  of  Glasgow,  is  made  up  of  smaller  tubes,  and 
resembles  still  more  the  boiler  of  the  Koot  Steam-Engine  Company. 

141.  The  finest  boiler- work  in  the  collection  was  seen  in  the  boilers  of 
Messrs.  Adamson  & Co.  They  were  similar  in  size  to  the  Galloway 
boilers,  each  24  feet  long  and  7 feet  in  diameter.  Two  were  set  and 
were  at  work.  One  is  of  iron  and  the  other  of  steel.  The  shell  of  each 
is  riveted,  but  the  flues  hav^e  welded  longitudinal  seams,  and  are  made 
by  flanged  joints,  which  serve  as  both  expansion-joints  and  strengthen- 
ing-rings. The  main  flue  is  stayed,  like  the  Galloway  boilers,  with  cross- 
tubes, which  are  welded  in  place  instead  of  being  riveted.  Specimens 
of  these  tubes,  welded  in  a short  length  of  flue,  were  exhibited  separately, 
and  were  extraordinarily  fine  pieces  of  work.  It  was  in  some  cases  very 
difficult  to  find  the  weld.  All  of  the  work  on  these  boilers  was  most 
excellent,  and  is  such  as  is  rarely  seen,  either  in  Europe  or  America. 
Thoroughly  good  boiler-work  is  rarer  than  good  machine-work,  and 
deserves  especial  commendation  when  found. 

142.  The  Davey-Paxman  boiler,  (Figs.  63,  64,)  exhibited  with 
a portable  engine,  (Fig.  62,)  is  worthy  of  notice.  It  is  a vertical  boiler, 
having  a set  of  bent  and  tapering  tubes  in  the  fire-box,  as  shown  in  the 
sketch.  The  London  Engineer,  to  which  we  are  referred  by  the  exhibit- 
ors, thus  describes  a trial  of  this  boiler  : 

“ The  engine  being  a 4 horse-power,  nominal,  it  was  determined  that, 
to  make  the  test  fair,  the  boiler  should  be  fired  as  though  the  engine 
were  woi’kiug  at  6 horse-power,  and  it  was  calculated  that  such  an  en- 
gine would  use  about  40  pounds  of  steam  per  horse-power  per  hour,  there- 
fore that  the  boiler  must  be  called  upon  to  evaporate  240  pounds  of  water 
per  hour.  The  experiment  actually  lasted  3.5  hours,  and  the  total  evap- 
oration was  798  pounds,  which,  divided  by  the  running  time,  gives  the 
hourly  evaporation  as  223.25,  very  nearly.  * * * 

boiler  evaporated  9.5  pounds  of  water  per  one  pound  of  coal,  a result 
which  we  believe  to  bo  almost  unprecedented  with  a vertical  boiler  of 
these  dimensions.  # * * 
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Fig.  63. — Davey-Paxman  boiler. 


129 


9 MA 


130 


VIENNA  INTERNATIONAL  EXFIIRITION,  1873. 


SECTIONAL  VIEWS 

OF  IHt 

dayey-paxman  boiler. 


PLAN  OF  UNDERSIDE  OF  VALVE. 


’SECTION  OF  VALVf 
&TUBE  THROUGH  A . i 


section  of 


tVATION 

A- 


“Wo  confess  that  this  experi- 
meiit  tends  to  modify  tlie  views 
we  have  already  expressed  con- 
corning  vertical  boilers.  We  have 
hero  a vortical  boiler  doing  better 
than  the  Koyal  Agricultural  So- 
ciety’s boiler,  generally  admitted 
to  bo  very  good.  It  will  be  seen 
from  the  judges’  report  that  this 
last  evaporated,  with  excellent 
Welsh  coal,  only  9J  pounds  ot 
water  per  pound  of  coal,  while  the 
IJi^'oy-Paxman  boiler  evaporated 
OJ  ])oun<ls  with  commou  coal. 
With  the  Welsh  coal  we  have  no 
doubt  whatever  that  it  would 
have  evaporateil  10  pounds  of 
water,  a result  which  we  do  not 
hesitate  to  say  has  seldom,  if  ever, 
been  attained  in  any  expcrinieift 
(jonducted  with  small  boilers,  and 
carried  out  with  the  care  bestowed 
on  the  trial,  the  particulars  of 
which  are  just  given.” 

London  Engineering  of  October 
14, 1870,  speaking  of  the  best  ver- 
tical engines  at  the  trial  at  the 
Koyal  Agricultural  Society’s  show 
at  Oxforrl,  says  *.  “ The  evapora- 
tion of  water  per  square  foot  of 


eLANOF  TOP  OF  TUBE  PLATE  SHEWING  VALVES.  face  was  1.48  pounds 

^ rate  of  evaporation  less  than 


SECTtCN  .C.O 

Fw.  64.-Davey-Paxmaii  boiler.  -- 

vertical  boiler  having  given  a result  approaching  a * 
duty  we  have  recorded.” 


oiie  liiiU'  as  »»  obtained 

with  tlie  Davcy-Paxmaii  boiler. 
As  rogiirils  the  ainoiiut  of  water 
evaporated  per  pound  ol  fuel 
burned,  the  Davey-Paxuian  and 
tlie  Koyal  Agricultural  Societys 
boilers  are  almost  exactly  equal. 
Tlieae  results  show  that  the  Da 
vey-Paxinau  boiler  posses-ses  au 
evliporative  efficiency  equalled  by 
but  few  boilers  of  au.v  clas.s  what- 
ever, and  we  certainly 
autbentic  records  of  auy  o 
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The  Mechanics’  Magazine  of  December  9,  1871,  remarks  : ‘‘  It  will  be 
seen  that  the  merits  of  this  boiler  are  due  to  the  bent  and  taper  water- 
tubes  and  the  deflector  inserted  in  the  top  of  each  tube.  The  water  in 
these  tubes,  being  exposed  to  the  full  heat  of  the  furnace,  soon  acquires 
a much  higher  temperature  than  in  the  other  parts  of  the  boiler,  and 
rises  rapidly.  The  water  from  all  the  other  parts  rushes  into  the  tubes, 
and  thus  keeps  up  a constant  and  perfect  circulation.  The  taper  form 
at  the  lower  end  adds  greatly  to  the  velocity  and  the  scouring  action  that 
takes  place  in  the  tubes  and  all  parts  of  the  boiler.  So  great  is  the 
velocity  of  the  water  through  these  tubes  that  it  rises  in  jets  completely 
up  to  the  crown-plate.  This  would  of  course  render  the  boiler  useless, 
but  for  an  ingenious  contrivance  invented  to  keep  the  water  perfectly 
smooth  on  the  surface.  This  is  the  patent  deflector,  plan,  section,  and 
elevation  of  which  are  shown  in  the  engraving.  These  deflectors,  placed 
at  the  top  of  each  tube,  arrest  the  jets  of  water,  divert  them  downward 
with  increased  velocity,  and  cause  the  water  to  impinge  upon  the  sides 
of  the  boiler  and  tubes.  This  latter  contrivance  effectively  prevents 
priming,  hitherto  a great  drawback  to  the  use  of  vertical  boilers.  There 
is  a baffle-plate,  adjustable  by  hand  on  the  outside  of  the  boiler,  which 
regulates  the  heat  and  throws  it  back  among  the  water-tubes  just  where 
it  can  be  most  profitably  utilized.  These  boilers  not  only  contain  nearly 
twice  the  heating-surface  of  an  ordinary  boiler,  but  this  heating-surface 
is  of  the  most  advantageous  kind,  consisting  largely,  as  it  does,  of  thin 
tubes  exposed  to  the  extreme  heat  of  the  furnace.  Their  thinness  has 
a great  advantage.  They  permit  the  free  transition  of  heat,  and  are 
less  aflected  thereby  ; and  as  no  incrustation  takes  place,  they  will  last 
as  long  as  the  shell  boiler.” 

This  boiler  is  not  a novel  device.  The  writer  had  his  attention  called 
to  this  form  of  tube  and  fire-box  by  an  American  steam  fire-engine 
manufacturer  fifteen  years  ago. 

143.  The  Belleville  boiler,  exhibited  in  the  French  section,  is 
another  form  of  sectional  boiler,  and  seems  to  be  the  only  one  whicli  has 
become  well  known  in  that  country.  It  is,  with  the  exception  of  the 
Boot  boiler,  the  only  sectional  boiler  which  has  been  well  tried  at  sea 
with  fairly  satisfactory  results,  as  far  as  the  writer  can  learn.  It  has 
been  used  to  some  extent  in  the  French  navy.  In  general  construction, 
this  boiler  resembles  somewhat  the  Howard  boiler.  It  consists  of  a 
mass  of  water-tubes,  connected  together  at  each  end  by  cast-iron  boxes, 
through  which  circulation  may  take  place.  The  tubes  are  6 or  7 teet 
long,  to  3 inches  in  diameter,  and  usually  of  about  No.  3 gauge. 

A Belleville  boiler  was  exhibited  in  the  Belgian  section.  These  boilers 
seemed  well  proportioned,  well  built,  and  of  good  material.  They  have 
given  excellent  results  where  they  have  had  sufficiently  prolonged  trial 
to  justify  a report. 

144.  Germany  was  represented  in  this  department  by  eight  exhibits. 

J.  0.  0.  Meyu’s  boilers  are  made  with  two  cylindrical  shells,  the  one 
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superposed  on  tlie  other.  The  two  exhibited  at  work  had  tlie  following 
dimensions : Diameter  of  shell,  75  inches  in  the  lower  and  52  inches  in 
the  upper  portion ; length  of  shell,  feet  in  the  lower,  OJ  feet  in  the 
iil>l)er  boiler  5 heating-surface,  431  i square  feet;  grate  area,  15J  square 
feet.  The  grate  was  6jf  feet  long;  the  tubes  were  llattened  vertical 
water-tubes  below,  74  in  number,  with  GO  cylindrical  tubes  above,  of  2i 
inches  diameter.  The  pressure  i)ropo8ed  for  these  boilers  was  GO  pounds 
per  square  inch.  They  were  well  made,  inachine  riveted,  and  seemed 
of  good  iron.  The  exhibitors  gave  as  the  results  of  trial  of  a soinewliat 
smaller  boiler,  using  coal  containing  about  80  per  cent,  carbon,  and 3i 
per  cent,  hydrogen,  and  making  15  per  cent,  ash,  an  eva[)oratiou  equiv- 
alent to  from  7J  to  0^  i)onnd8  from  the  boiling-point,  or  an  efficiency, 
estimated  as  in  the  trials  of  the  American  Institute,  already  given,  of  55 
to  G5  percent.  The  agent  of  M.  Krupp,  at  Vienna,  stated  that  these 
boilers  w^erc  in  use  at  Essen,  and  were  found  to  peiTorm  very  satisfac- 
torily. 

145.  EnunARDT’s  norLER. — The  designer  of  the  so-called  “Dingier  en- 
gine,’’ Herr  Ehrliardt,  exhibited  a steam-boiler,  built  also  by  the  manufac- 
turers of  liisengine,  the  Dingler’schc  Mascliinen-Fabrik, of Zweibriicken. 
This,  too,  is  a double  constructiou,  two  shells  connected  by  vertical 
cylinders,  one  at  each  end  ; the  larger  was  3\  feet  in  diameter,  llj  feet 
long;  the  upper  and  smaller  was  3 feet  in  diameter.  The  heating-sur- 
face was  given  at  about  350  square  feet;  grate-surface  llj  square  feet. 
A feed-water  heater  was  attached,  containing  about  Go  square  feet  of 
surface.  A “ mud-<lrum,”  about  20  inches  in  diameter  and  15  inches 
deep,  is  placed  beneath  the  boiler.  The  inventor  presented  members  of 
the  luteniational  Jury  with  a little  pamphlet-circular,  iu  which  he  ex- 
plained very  f ully  his  ideas  with  reference  to  the  practice  of  steam-boiler 
construction.  lie  is  a believer  in  slow’ combustion,  small  boilers,  ami 
many  of  them,  where  it  is  necessary  to  obtain  a large  quantity  of  steam, 
lie  proposes  burning  but  nine  or  ten  poiimls  of  coal  per  8<iuare  foot  ol 
grate  per  hour  iu  stationary  boilers,  and  prefers  not  to  construct  boilers 
having  more  than  from  300  to  400  square  feet  of  heating-surface,  consid- 
ering several  small  boilers  better  than  the  same  amount  of  heating-sur- 
face in  a le.ss  number  of  larger  boilers.  He  thinks  tw  o meters  too  long 
for  a grate-bar  and  a meter  to  be  a maximum  width.  About  one  square 
meter  is  liis  best  area  of  grate.  He  prefers  to  make  fire-box  boilers. 

The  boiler  exhibited  furnished  steam  to  the  compound  engine  already 
described.  (Art.  41.)  It  was  designed  for  a pressure  of  150  pounds  per 
square  inch,  or  ten  atmospheres,  as  [>res.sure8  are  reckoned  in  Europe. 

14G,  Julius  Bergman,  from  Ilaltingen,  Westphalia,  exhibited  two 
steam-boilers,  each  composed  of  an  upper  and  a lower  cylindrical  shell, 
with  a detached  furnace  of  brick-w’ork.  The  upper  shell  was  about  li 
feet  in  diameter,  and  feet  bigb,  and  from  its  lower  head  a .set  of  vei- 
tical  dependent  water-tubes  were  carried  down  around  the  lower  shclh 
which  was  but  about  feet  in  diameter,  and  was  10  feet  high.  These 
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tubes,  45  in  number,  were  3 inches  in  diameter  and  4 feet  8 or  9 inches  long. 
Brick-work  surrounded  the  boiler,  and  guided  the  gases  en  route  to  the 
chimney.  The  advantages  claimed  for  the  boiler  were  economy,  dura- 
bility^, accessibility  for  repairs,  and  great  strength  of  form.  Its  econ- 
omy, however,  was  not  established  by  any  results  of  trial  furaished  the 
jury;  in  durability  it  might  claim  advantages  were  it  not  for  the  un- 
fortunate arrangement  of  setting  incident  to  its  form,  which  certainly 
did  not  justify  a claim  of  accessibility.  Its  strength  is  simply  a ques- 
tion of  thickness  of  iron  and  diameter  of  shell.  The  boiler  introduced 
by  Corliss  in  the  United  States  possesses  some  features  resembling  the 
details  of  this  boiler,  bat  is  far  superior  to  the  German  design  in  most 
respects. 

147.  Paucksch  & Freund  are  the  German  patentees  of  another 
boiler,  of  which  type  two  were  exhibited  in  the  German  section.  They 
were  7.j  feet  in  diameter  and  17  feet  long.  Each  contained  90  tubes 
inches  in  diameter,  and  fastened  in  place  by  Berendorf’s  apparatus.  The 
boiler  was  externally  fired,  the  furnace  having  a brick  arched  top,  which 
separated  it  from  the  boiler.  There  were  some  peculiarities  of  construction 
which  should  be  noted,  as  interesting  and  sometimes  evidently  com- 
mendable. Flanging  was  resorted  to  wherever  other  builders  usually 
introduce  angle-iron  connecting-pieces  j the  holes  in  the  tube-sheets 
were  tapered,  and  the  tubes  were  given  a similar  shape;  the  tubes  were 
clustered  in  two  sets  to  enable  a workman  to  enter  among  them  for 
cleaning.  Accessibility  was  secured  inside  and  out,  most  fully. 

The  agents  state  that,  at  a trial  in  Silesia,  one  of  these  boilers  with  a 
heating- surface  of  between  1,300  and  1,400  square  feet  area,  a grate- 
surface  of  one-fiftieth  that  extent,  an  evaporation  of  over  8 pounds  of 
water  per  pound  of  coal  was  obtained,  where  a Cornish  boiler  of  usual 
proportions  evaporated  but  6 pounds.  In  another  case  an  evaporation 
of  about  10  pounds  was  reported.  The  latter,  if  correct,  is  creditable 
the  former  is  not  remarkable. 

148.  Sigl’s  boilers. — In  the  Austrian  section,  SiGL,  of  Vienna,  ex- 
hibited three  well-made  boilers  of  the  form  familiar  to  all  engineers  who 
have  studied  French  designs,  as  the  Ohaudi^re  a Bouilleurs.”  They 
consisted  of  a large  cylindrical  shell  4J  feet  in  diameter  and  35  feet  long, 
beneath  which  were  a pair  of  “ bouilleurs,”  each  2J  feet  in  diameter  and 
running  nearly  the  whole  length  of  the  longer  portion,  to  which  they 
were  attached  by  vertical  connecting-pipes  IJ  feet  in  diameter.  The 
heating-surface  measured  about  700  square  feet;  the  grate-surface,  20 
feet.  The  pressure  proposed  for  them  was  5 atmospheres.  They  were 
fitted  with  Zeh*s  mechanically  fired  furnaces.  In  this  arrangement  th 
grates  are  inclined,  and  the  fuel  glides  down  them  from  a hopper,  urged 
by  gravity  and  aided  by  a motion  given  by  eccentrics  or  a sbalt  driven 
by  the  donkey-pump.  Some  very  favorable  testimony  was  given  in  re 
gard  to  the  action  of  these  grates. 

Bolzano,  Tedesco  & Go.,  of  Prague,  exhibited  a double  boiler 
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consisting  of  a lower  miiltitubular  boiler,  about  0 feet  in  diameter  nnd 
10^  feet  long,  containing  85  tubes  of  3 inches  inside  diameter,  ami  ol'an 
upper  plain  cylindrical  shell  3 feet  in  diameter  and  15  feet  long.  The 
grate  was  of  Bolzano’s  patent,  27J  scjuare  feet  area,  Gi  feet  long,  ami  ^ 
wide. 


These  boilers  were  in  brick  settings,  which  were  somewhat  expensive 
in  character,  and  in  arrangement  were  capable  of  improvement. 

Bolzano’s  grate  and  furnace  door  attracted  much  attention,  and 
deserve  notice  from  that  fact,  even  if  not  proven  to  be  of  exceptional  ex- 
cellence. The  former  consists  of  a double  set  of  grate-bars  inclined  at  an 
angle  of  12°  or  15^,  and  a third  set  lying  beyond  and  below  them  some 
30  inches  below  tlie  boiler  in  a horizontal  position.  The  latter  are  cast 
in  one  piece.  In  the  inclined  sets,  alternate  bars  are  movable  and  may 
be  raised  a short  distance,  at  the  inner  ends,  by  means  of  a properly 
adjusted  lever,  thus  breaking  up  the  cinder  and  cleaning  the  fire. 

The  horizontal  grate  may  be  drawn  out  by  inenns  of  an  attached  rod 
whenever  it  is  desired  to  remove  the  cinder.  The  furnace-door  carries 
on  its  upper  part  a kind  of  hopper  or  trough,  into  which  coal  is  thrown, 
and  where  it  remains  until  required  on  the  grate.  The  fire  being 
started,  and  the  find  worked  down  by  shaking  with  the  lever  attached 
to  the  inclined  liars  nntil  it  reaches  the  horizontal  grate,  it  is  allowed 
to  burn  until  so  far  consumed  that  it  becomes  necessary  to  add  fresh 
fuel.  The  fuel  alreaily  placed  in  the  hopper  is  then  thrown  upon  the 
upper  set  of  incliued  graU's  by  tilting  the  hopper  on  the  horizontal 
spindle  which  carries  it,  and  the  hopper,  falling  back  into  its  usual  posi- 
tion, is  again  charged  with  fivsh  coal.  The  fuel  is  thus  worked  down 
until  it  is  finally  completely  consumed,  the  cinder  forming  a deposit  in 
the  lower  horizontal  grate  and  the  ashes  falling  through  the  grates  into 
the  ash-pit.  The  cinder  is  finally  removed  by  withdrawing  the  fiat  grate 
and  dumping  it  into  the  ash-pit.  Thus,  it  is  claimed,  a uniform  temper- 
ature and  a clear  lire,  with  rapid  and  regular  combustion,  are  secured  with 
fuel  of  very  inferior  quality.  The  apparatus  is  simple,  inexpensive,  and, 
with  a little  exiierience  and  care  on  the  part  of  the  attendant,  is  said  to 
be  very  efficient. 

140.  Feed- WATER  heaters. — The  use  of  feed-water  heaters  iu  con- 
nection with  non-condensing  engines  is  very  usual  in  the  United  States. 
It  is  less  frt^quently  seen  in  Great  Britain,  and  still  less  often  ou  the 
continent.  They  are  of  many  forma,  but  may  be  divided  into  t^^o 
classes : those  in  which  the  steam  come.s  directly’  into  contact  with  the 
feed-water,  as  in  the  ‘‘  open  heater  ” generally  used  iu  some  parts  of  the 
country,  and  those  in  which  the  heat  is  transferred  by’  conduction 
through  metallic  walls  aejiaratiug  the  steam  from  the  feed-water.  The 
former  are  the  least  expensive,  usually’,  and  are  the  most  efficient  ‘is 
simple  transferrers  of  heat  j but  they  allow  all  grease  and  impuiities 
coming  over  with  the  steam  to  bo  mingled  with  the  feed-water,  am 
they  give  some  trouble  frequently,  iu  consequence  of  the  difficulty  o 
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drawing  from  them  and  forcing  into  the  boiler  the  heated  water.  The 
feed-pump  must  be  placed  so  low  as  to  have  a sufficient  head  of 
water  to  open  its  valves ; or  the  temperature  of  feed  must  be  kept  low' 
enough  to  permit  the  formation  of  a partial  vacuum  and  the  liftiog  ot 
the  valves  by  atmospheric  pressure;  or  they  must  be  operated  automati- 
cally, with  a head  on  the  pump  sufficient  to  produce  the  flow  of  watei 
through  the  induction-passages  at  the  speed  required  for  the  prompt 
filling  of  the  pump  at  each  stroke.  The  closed  heater  gives  less  effect- 
yive  heating ; but  it  preserves  the  feed-water  pure,  and  the  pump  ina 
draw  in  the  usual  manner  and  force  through  the  heater,  thus  avoiding 
the  objections  to  the  open  heater. 

The  economy  due  to  the  use  of  a heater  for  the  feed-water  is  not 
always  fully  appreciated  either  by  designers,  manufacturers,  or  users  of 
steam-boilers.  It  is  so  easily  calculated,  however,  that  no  one  need 
remain  in  doubt  as  to  the  advisability  of  their  use  in  any  given  case. 

If  T represents  the  total  heat  of  steam  at  the  boiler-pressuie,  esti- 
mated from  0°,  i=the  temperature  of  the  feed-water  entering  the 
heater,  t'=the  temperature  of  the  feed-water  leaving  the  heater  and 
entering  the  boiler,  the  economy  secured  by  the  use  of  the  heater  is — * 


For  example : If  the  total  heat,  T,  is  1,200*^  Fahr.,  and  the  tempera- 
tures of  the  feed  before  and  after  entering  the  heater  t and  are  50° 
and  200^,  respectively,  the  gain  is — 

200Q  50Q  _ Q pgj,  (jent. 

1,0000  ’ 

This  is  a fair  illustration  of  the  gain  to  be  obtained  by  the  use  of  a 
good  heater  in  cases  of  very  common  occurrence,  and  15  percent,  of  the 

coal-account  is  usually  a very  important  item. 

The  Berryman  heater  (Fig.  65)  was  one  of  the  best,  if  not  the 
very  best,  exhibited  at  V^ienna.  It  is  illustrated  in  the  accompanying 
plate,  as  attached  to  the  exhaust-pipe  of  a Corliss  engine. 

It  represents  the  heater  with  a portion  of  the  shell  broken  aw'ay,  so  as 
to  show  the  position  of  the  steam-pipes  within.  A cylinder  contains 
the  feed- water,  E being  the  induction  and  F the  eduction  pipe.  The 
exhaust  steam  enters  one  side  of  the  chamber  through  the  pipe  A;  it  is 
thence  conveyed  by  the  tubes  to  the  other  side  of  the  chamber,  aud 
passes  out  through  the  pipe  E.  D is  a blow-ofl  cock,  connected  with 
the  feed-water  cylinder,  aud  tw-o  drip-pipes  are  connected  with  the 
exhaust  chamber  E.  The  construction  of  the  water-cylinder,  which  is 
made  strong  enough  to  withstand  the  working-pressure  of  any  steam- 
boiled  will  be  understood  readily  from  the  engraving.  The  tubes  used 
are  seamless  brass  of  the  best  quality.  They  do  not  pass  through  the 
sheet,  but  rest  upon  a shoulder  formed  in  boring  it,  aud  are  there  ex- 
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PuikUhI  or  set  up.  A sullioicuit  niiiuber  of  tubes  are  employed  iu  each 
heater  to  obtain  au  area  iu  (he  a^^i^re^jate  twenty  per  cent,  greater  than 
that  of  the  exhaiist-iupe  of  the  engine  for  which  it  is  intended. 

Among  the  advantages  claimed  tor  this  form  of  heater  are  the  fol- 
lowing: 

The  ability  of  the  steam-tubes  to  expand  and  contract  with  varying 
teiin)eratures  without  causing  the  damaging  strains  to  which  heaters 
that  are  constructed  with  tubes  fastened  in  both  heads  are  subject. 

The  capacity  of  the  heater  for  containing  a large  quantity  of  water, 
which  insures  sullicient  time  for  it  to  become  settled  and  thoroughly 
heated  before  being  fed  to  the  boiler. 

The  arrangement  of  the  supply-pipe  and  feed-pipe,  (the  lirst  being 
near  the  bottom  of  the  heater,  but  far  enough  distant  from  the  con- 
stantly collecting  sediment  to  create  no  disturbance  in  it,  and  the  sec- 
ond near  the  toi),)  which  results  in  siqiplying  the  boiler  with  pure  water 
at  a maximum  heat. 

The  facilities  for  cleaning  the  heater. 

The  advantage  of  requiring  but  one  pumi),  when  open  heaters  require 
two,  which  occurs  in  all  placets  where  there  is  no  water-pressure, • it 
avoids  the  constant  trouble  and  risk  of  overdo  wing  into  the  exhaust- 
])ipe  to  which  all  open  heaters  are  subjected. 

The  feed-w’aU;r  reaches  the  boiler  at  a temperature  nearly  equal  to212Q 
Fahr.,  and  this  high  result  is  due  to  the  largo  amount  of  heating-surface 
obtained  and  the  constant  passage  of  the  exhaust  steam  through  tlie 
tubes,  which  takes  place  whether  the  boiler  is  being  fed  or  not.  There 
is  no  place  in  which  the  water  of  condensation  can  lodge  in  the  tubes, 
and  there  is  therefore  no  loss  of  power,  which  would  otherwise  be 

incurred  in  driving  it  through  them. 

The  steam  and  feed- water  not  coming  in  contact  with  each  other,  the 
arrangement  prevents  injury  to  the  boilers,  lly  carrying  so  large  quan. 
tity  of  water  heated  to  nearly  a boiling-point,  it  adds  largely  to  the 
steam-i)roducing  capacity  of  the  boilers.  It  purifies  impure  water. 

The  api)aratus  is  simple,  and  a vast  amount  of  testimony  w'as  pre- 
sented indicating  its  efiicioncy*.  The  advantage  claimed  of  freedom 
from  liability  to  leakage  of  joints  produced  by  irregular  expansion  is 
a very  important  one.  The  makers  recommend  with  propriety  the  use 
of  a largo  heater,  and  its  expense  is  usually  fully  compensated  by  its 
superior  etliclency.  Surfaces  are  rarely  too  greatly  extended  in  either 
boilers,  heaters,  superheaters,  or  surface-condensers.  Its  greater  capac- 
ity also  permits  the  settlement  of  mechanically -suspended  impurities 
and  the  precipitation  of  those  lime-salts  which  are  thrown  out  of  solu- 
tion by  raising  the  temperature  of  the  water  in  which  it  is  dissolved. 

The  Beukyman  feed-pump  pegulatou  was  also  exhibited  and 
received  very  general  commendation.  Its  positive  and  invariable  ac- 
tion and  the  evidently*  common-sense  principles  upon  w’hich  its  design  is 
founded  were  alike  subjects  of  favorable  comment.  It  is  simply  aciWt 


137 


BERRYMAN  AND  WATERS’s  HEATERS. 

iron  sphere  of  moderate  capacity,  suspended  from  a steelyard  balance. 
It  IS  connected  with  the  water-space  by  two  pipes  of  small  diameter, 
one  of  which  terminates  just  above  and  theother  just  below  the  proposed 
water-line.  When  the  water  falls,  steam  enters  the  upper  pipe  and  fills 
the  globe.  The  weight  of  the  unloaded  vessel  is  insufiScient  to  counter- 
balance the  opposite  weight,  and  it  falls,  putting  on  the  feed  as  it  de- 
scends. When  the  feed  has  entered  in  sufficient  quantity  to  raise  the 
water-level  above  the  mouth  of  the  upper  tube,  water  ascends  through 
that  tube  into  the  globe,  taking  the  place  of  the  steam  as  the  latter 
condenses,  and  the  weight  of  the  now  filled  vessel  causes  it  to  descend, 
shutting  off  the  supply  of  feed. 

There  is  evidently  some  loss  by  condensation  of  steam,  but  that  can 
well  be  afforded  when  safety  is  so  well'insured.  The  only  risk  of  failure 
of  the  apparatus  occurs  when  the  pipes  become  choked  by  sediment,  or 
when  the  friction  of  the  feed-attachments  becomes  so  great  as  to  prevent 
motion.  Either  would  be  a consequence,  in  exceptional  cases,  of  want 
of  care.  The  writer  has  had  gauge-cocks  attached  to  tlie  pipes  of  such 
arrangements,  and  they  serve  the  double  purpose  of  furnishing  an  inde- 
pendent means  of  determining  the  position  of  the  water-level  and  of 
keeping  the  pipes  clear. 

H.  Waters’s  FEED -WATER  heater,  another  American  invention, 
was  also  exhibited  by  the  inventor,  a resident  of  Hartford,  Conn.  This 
consists  of  a tank,  closed  and  fitted  with  pipes  leading  into  it  the  ex- 
haust steam  and  the  feed- water,  and  affording  exit  to  the  latter  and  to 
waste  steam  or  water.  The  steam  is  guided  by  a deflecting  plate,  and 
the  cold  water,  as  it  enters,  is  sprinkled  by  a rose  or  a perforated  pipe; 
a very  complete  intermingling  is  thus  secured.  The  water  stands  within 
at  a height  which  is  indicated  by  a gauge-glass  on  the  exterior  of  the 
tank.  The  eduction-pipe,  leading  to  the  pump,  is  cut  short  a few  inches 
above  the  bottom  in  order  that  the  sediment  may  not  be  disturbed  by 
the  issuing  current.  The  pump  draws  air  when  the  water-level  falls 
below  this  point.  This  is,  as  seen,  an  open  heater,  and  cannot  be  safely 
used  when  the  water  contains  matters  in  suspension  or  solution  which 
are  likely  to  injure  the  boiler.  These  heaters  were  both  exhibited  in  the 
British  section. 

Several  “ economizers,”  as  their  inventors  call  them,  were  also  ex- 
hibited as  original  inventions  by  British  exhibitors.  The  economizers 
of  Green  and  of  Twibil  are  collections  of  pipes,  which  seem  to  be  usually 
made  of  cast  iron,  and  look  much  like  what  would  be  called  in  the 
United  States  sectional  boilers,  which  have  been  inverted  in  applica- 
tion. They  are  heated  by  waste  gases  from  the  boiler,  and  are  intended 
to  be  used  to  increase  the  economy  of  the  less  efficient  forms  of  boiler. 
They  are  provided  with  scrapers  to  remove  the  deposits  of  soot  from 
the  exterior  of  the  tubes,  which  are  so  liable  to  form  wherever  bitumi- 
nous coal  is  used  as  fuel.  The  apparatus  of  both  inventors  is  well  made 
and  well  put  together,  can  be  conveniently  kept  clean,  and  are  said  by 
those  who  have  used  them  to  be  very  valuable  accessories. 
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Such  apparatus  may  very  frequently  be  used  with  great  advantage 
in  cases  in  which  the  boiler  Is  deacient  in  heating-surface  or  iu  which 
the  shrface  is  badly  arranged,  wherever,  as  is  not  unusual,  the  gases 
escape  from  contact  with  the  boiler  at  temperatures  much  above  that 
of  the  boiler  itself,  and  where,  at  the  same  time,  the  draught  is  amply 
suflicient  to  produce  the  required  rapidity  of  cuiiibustiou  after  the  addi- 
tion of  such  a retarding  influence. 

The  economy  to  bo  derived  by  its  application  is  calculated  as  in  the 
case  of  exhaust  feed-heaters.  Mr.  W.  A.  Miller  and  other  engineers  iu 
the  United  States  have  for  many  years  adopted  this  method  of  increas- 
ing economy.  The  writer,  in  the  course  of  professional  work,  has  often 
found  their  use  to  make  an  utterly  inofticient  steam-boiler  quite  as 

economical  as  the  best  known  types. 

150.  Injectors.— Friedmann’s  injeci’or  was  one  of  the  most  import- 
ant attachments  to  steam-boilers  exhibited.  It  was  attached  to  several 
locomotives,  and  is  in  extensive  use  all  over  Europe.  The  proprietors 
state  that  over  12,000  are  in  use  in  Europe,  and  that  Messrs.  Nathan  & 
Dreyfus,  of  Now  York,  are  now  introducing  them  into  the  United  States. 
They  urge  in  their  favor  the  advantages  that  they  start  punctually,  do 
not  reduce  the  steam-pressure  when  at  work,  feed  either  warm  or  cold 
water,  and  have  no  movable  parts  to  get  out  of  order. 


Pig.  07. — Friedmann’ij  non-llftiiig  iifloctor — section. 

Fig.  60  represents  one  of  these  injectors  as  attached  to  a locomo- 
tive. A is  the  starting-valve ; B,  the  steam-pipe;  C,  the  water-suppy 
pipe;  1),  the  water-delivery  pipe;  E,  the  overflow  pipe;  F,  the  chec  - 
valve;  G,  the  water- regulating  handle ; II,  the  overflow- valve  ham  e; 
O,  the  overflow-valve  ; W,  the  water-valve. 

One  of  the  peculiarities  of  this  form  of  injector  is  the  intermec  la 
nozzle,  seen  in  Fig.  67,  which  permits  the  water  to  be  supplied  to  e 
steam-jet  in  two  annular  streams,  giving  a smoother  reciprocal  action 


Fig.  74.  — Braytoii’s  high-pressure  gas-eugiue, 


Friedman’s  feed-water  injector.  139 

of  the  two  currents  upon  each  other.  Another  merit  of  the  device  is 
that  the  overflow  from  the  one  nozzle  flows  down  outside,  already  warmed, 
and  forms  a part  of  the  supply  to  the  second.  Acting  upon  the  cur- 


Fig.  69. — Friedmann’s  lifting  injector. 

rent  of  water  at  two  points,  the  steam  imparts  its  energy  very  equably, 
and  itself  becomes  perfectly  condensed. 

’ The  non-lifting  form  of  injector  is  placed  before  the  source  of  supply. 
It  is  sometimes  used  as  a heating- cock,  simply  by  closing  the  overflow 
and  permitting  the  steam  to  flow  into  the  tank.  In  attaching  this,  as 
with  all  injectors,  the  pipes  must  be  made  as  short,  large,  and  direct  as 
possible.  In  working,  the  overflow-valve  is  opened  by  the  handle  seen 
in  the  engraving;  the  starting- valve  is  opened,  first  gradually,  then  as 
rapidly  as  may  be ; the  overflow  is  then  adjusted  until  no  waste  of  water 
occurs,  and  the  machine  is  in  full  operation. 

The  lifting  injector  is  shown  attached  to  a locomotive  in  Fig.  68.  It 
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is  placed  liorizoiitally  instead  of  vertically,  and  may  bo  used  for  lifts  of 
8 or  10  feet.  This  form  lias  been  set  np  to  lift  18  foot  vertically.  The 
exterior  is  shown  in  Fi^f.  (iO,  in  which  I is  the  steam  and  W is  the  water- 
valve  ; E,  the  overflow  ; 0,  the  water-supply,  the  upper  nozzle  the  steam 
and  that  at  the  bottom  the  boiler  attachment. 

Fig.  70  exhibits  the  interior  of  this  instrument,  in  which  I is  the 
steam  and  \V  the  water  valve ; B the  steam,  0 the  water,  and  D the  ^ 

boiler-pipe  nozzles. 

Fig.  71  illustrates  one  of  these  injectors  as  proposed  for  stationary 
boilers.  It  stands  vertically,  and  will  work  up  to  a temperature  of  feed- 
water of  1400  Fahr. 

Fig.  72  is  a style  used  for  portable,  stationary,  and  ginall  marine  boil- 
ers. It  is  similar  in  general  internal  cxnistruction  to  the  others.  It  is 
intended  to  bo  capable  of  lifting  readily  from  8 to  10  feet. 

TiiE  Giffa-UD  in.ieotor,  invented  a quarter  of  a century  ago  by 
Henri  Giftard,  of  Paris,  was  the  first  of  this  class  of  instruments.  Its 
remarkable  jxiwer  of  taking  steam  from  one  imint  in  a steam-boiler  and 
returning  it  to  the  boiler  again  at  another  ixiint,  loaded  with  many  times 
its  weight  of  water,  and  without  the  moveinont  of  any  one  of  its  own 
organs,  was  at  first  a parailox  to  many,  even  well  informed,  engineers. 

It  is  now  well  understood,  and  is  recognizi'd  as  one  of  the  most  beauti- 


ful known  adaptations  of  scientific  principles  to  practical  purposes. 
This  principle  may  be  easily  understood : If  an  opening  is  made  into 
the  steam-space  of  a boiler,  the  steam  will  issue  with  a velocity  due  the 
13ressure;  and,  were  its  motion  reversed,  it  w’Oiild  be  just  able  to  return 
into  the  boiler.  But  suppose  all  the  energy  of  the  rapidly-flowing  cur- 
rent concentrated  upon  a fractional  portion  of  the  section  of  the  open- 
ing, the  resisting  pressure  remaining  constant,  the  stream  of  fluid 
would  re-enter  and  would  have  a surplus  of  via  viva  sufficient  to  carry 
with  it  a load  of  water.  This  is  precisely  what  occurs  in  this  injector. 
The  great  stream  of  steam  issuing  from  the  boiler  is  condensed  in  the 


EFFICIENCY  OF  THE  GIFFOED  INJECTOR. 


141 


instrument  with  a comparatively  small  mass  of  water  and  expends  its 
surplus  energy  in  carrying  into  the  boiler  the  water  by  which  it  was 
condensed.  Steam  taken  from  one  boiler  has  been  known  thus  to  carry 


Fig.  71. — Friedmann'S  injector  for  sta- 
tionary boilers. 


Fig.  72. — Friedmann’s  injector  for 
portable  boilers. 


its  load  of  water  into  another  boiler  under  double  pressure.  The  amount 
of  this  surplus  is  indicated  by  the  fact  that  a pound  of  steam  at  a pres- 
sure of  60  pounds  per  square  inch,  occupying  a space  of  cubic  feet, 
condenses  into  ^o^h  of  its  volume,  forming  but  27J  cubic  inches  of 
water. 

The  injector  is  rarely  used  to  the  exclusion  of  the  pump,  but  in 
some  portions  of  the  United  States  the  Giffard  injector,  made  by  Messrs. 
Sellers  & Co.,  with  their  beautiful  and  ingenious  improvements,  is  some- 
times found  in  use  alone.  Injectors  have  some  decided  advantages  over 
pumps.  With  good  water,  they  are  far  less  liable  to  get  out  of  repair ; 
they  are  independent  steam-pumps,  and  can  be  started  whenever  there 
is  steam  on  the  boiler ; they  warm  the  feed-water  j they  waste  no  steam ; 
all  that  is  used  iu  them  returns  to  the  boiler  again  with  the  feed-water. 
They  are  compact,  light,  handy,  and  may  be  placed  in  any  convenient 
place  and  in  any  desired  position. 

Efficiency  of  the  Injector. — Bourne  * made  a series  of  ex- 
periments to  determine  the  economic  efficiency  of  the  injector.  As 
the  result  of  over  sixty  trials,  he  remarks:  “As,  then,  these  experi- 
ments show  the  quantity  of  water  evaporated  from  the  boiler  under 


Steam,  Air,  aud  Gas  Engines,  4to,  London,  1869. 
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a determinate  pressure,  and  also  the  quantity  of  water  lifted  against 
a determinate  pressure,  or  head,  by  the  volume  of  steam  answering 
to  the  quantity  of  water  evaporati^d,  the  duty  of  the  instrument,  in 
any  experiment,  can  easily  be  deduced,  and  it  will  be  found  to  be  very 
low.” 

London  Engineering,  referring  to  these  experiments,  • takes  excep- 
tion  to  this  conclusion,  and  shows,  by  a very  simple  calculation  of  duty 
based  on  Bourne’s  data,  that  the  injector,  although  an  excellent  feed- 


pump, lor  the  reasons  given  above,  is  not  adapted  to  other  purposes, 
where  the  heat  communicated  to  the  current  is  not  subsequently  eco- 
nomically applied.  In  feeding  the  steam-boiler,  it  is  a matter  of  little 
consequence  whether  the  quantity  of  steam  used  by  the  instrument  in 
heating  is  small  or  great,  as  all  heat  not  expended  in  mecbauical  work 


is  returned  to  the  boiler.  In  other  cases,  all  heat  not  changed  into 
inechankAl  energy  is  wasted. 

In  the  examples  selected  for  cidculation,  the  data  were  the  following: 

Leugtli  of  trial,  iniiiutoA 

St45uin*i>reNMuro,  poiiiidit 

Jlrmutiny  {irvMHiirt*,  poundA 

Water  nvtqNirated,  gnlloiiA 

Water  drawn  from  tank,  guIloiiM 

Water  delivered,  gallniiA 

Water,  initial  t«mperattire,  degreea  Fahr 

Water,  tiiiiil  teaipcrutiire,  degrtrea  Fahr 

Heat  conHiimiHl,  theriiiul  uiiitM 

Heat  tranttferred  to  fuel,  tliermul  iiuilM 

Heat  expended,  tberiual  uiiitA 

Gilfard  presents  a brief  analysis  of  the  th 
may  properly  complement  the  genenil  explanation  already  given. 
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*Kiiginveriiig,  July  30,  IsTiU. 

t AoUw  thik>riyuc  de  CinJecUur  automatique;  nlao  8onnQt*8  DIclionnaire  da  matM- 
MatiqutK  apjiliqurtM. 

If  //  = the  weight  of  Ateuni  eHcapiug  per  aecond,  P = the  weight  of  water  drawii 
into  the  inHtriimeiit,  m and  M — their  iiiaHHCH  J o = the  area  of  crcMW-sectlon  of  the  on- 
lice  j V = the  velocity  of  the  Htearn  at  the  uriHoe;  e = the  velocity  of  the  water; 
a = the  least  cro8M>Bectiou  of  the  expanding  iiozxlo;  (?  = the  time  of  mutual  reactiOD. 
Then  the  increase  of  energy*  l>ecoiuee 

E = (m-f  M)0r  - m^V. 

R repreaent  the  reaultant  external  force  in  line  of  the  axU, 

(m  -j-  M)  0 r— m 0 V =R  ^ 

and — 

(w-f-.M)  p-iH  V = R. 

When  R=o,  (m  -}-  M)  c— « V=o,  and,  AubAtitutiug  weight  for  masa, 

(P+p)r-iiV  = o 

and — 

i>  = (l’+i>)y- 

in  which  P -j-p  U the  weight  of  water  AhI  into  the  boiler  per  second. 

CoDsideiing  density  unchanged,  and  letting  8 = the  weight  of  steam  per  cu 
ter,  N = the  pressure  in  atmosphereA,  


If  ff  — the  height  duo  the  prceenre,  and  if  W *»tho  weight  of  the  water  in  the  iustru 
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The  history  of  the  iujector  may  be  stated  in  few  words. 

The  princi[)le  of  the  entrainement,  by  a current  of  one  fluid  issuing 
under  pressure  from  an  orifice,  of  the  fluid  surrounding  the  vessel  was 
known  as  early  as  1870  by  Philibert  de  Lorme.  It  was  applied  to  the 
locomotive  blast-pipe  more  than  a half  century  ago.  Gurney,  forty  years 
ago,  used  the  steam-jet  as  a ventilatory  Nagel  & Kaemp,  Thomson,  and 
others  afterward  employed  it  in  engineering  practice. 

Giftard^  finally  applied  it,  in  combination  with  the  principle  already 
explained  by  the  writer,  to  the  introduction  of  feed- water  into  the  steam- 
boiler. 

Del  Peche,  Koch,  Schaeffer  & Budenburg,  and  Messrs.  Dreyer,  Rosen- 
kranz  & Droop,  all  produced  modifications  of  the  instrument. 

Krauss,  Kortiug,  Schau,  and  Friedmann  brought  out  auxiliary  details? 
or  simplified  the  injector  for  the  purpose  of  reducing  first  cost  and 
liability  to  derangement 

The  most  beautiful  and  ingenious  modifications,  looking  to  economy 
of  steam  and  quantity  of  discharge,  were  made  in  the  United  States. 

Messrs.  Sellers  & Co.  secured  the  right  to  manufacture,  and  by  careful 
and  intelligent  efforts  soon  increased  the  delivery  to  nearly  double  that 
given  by  the  instrument  of  Giffard.  They  reduced  its  weight  and  cost, 
improved  its  details,  and  attained  a comparatively  high  efficiency. 
They  finally  introduced  their  self-adjusting  injector,  in  which  the  water- 
supply  is  regulated  automatically  by  the  action  of  the  overflow,  its 
suction  increasing  the  area  of  the  annulus  through  which  the  water 
enters,  and  its  pressure,  when  the  supply  is  in  excess,  throwing  back 
the  exterior  nozzle,  which  is  made  movable,  and  reducing  the  supply. 

The  Mack,  the  Rue,  and  other  forms  recently  introduced  in  the  United 
States  are  Giffard  injectors,  having  fewer  moving  parts.  They  are  less 
costly,  and  less  liable  to  derangement  by  bad  water,  but  are  usually 
much  less  readily  adapted  to  a wide  range  of  supply. 

ineut  per  cubic  meter,  usually  about  500  kilograms,  as  the  expenditure  of  energy  iu 
propulsion  and  resistance  are  the  same, 

v=-/27Ti 


In  view  of  the  fact  that  iu  actual  practice  the  deusity  is  not  that  assumed^  Giffard 
liroposes  the  formula, 


I0,:«4  n 
1,000  ■ 


in  which  k is  a co-efficient  to  be  determined,  and  usually  varying  between  *2  and  2.25. 


Again — 


and — 


p = aY  d 
P-f  j9  = ai’  W 


Iu  determining  temperature  of  feed,  according  to  Reguault,  the  loss  in  passing  Irom 
the  temperature  T to  the  temperature  i is 

H=p  (606.5-f  0.305^T  — 0 = B (<  — f) 


where  t'  = \8  the  temperature  of  feed-water  before  entering^ 

* Recent  experiments  seem  to  indicate  this  co-eflScient  to  be  slightly  less  than  given  by  Regnault.' 
R.  H.  T. 
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Morton,  of  Glasjjow,  has  applied  tlio  injector  on  a larger  scale  as  an 
air-pump  and  condenser  for  steam-engines.  In  the  United  States,  Mr. 
n.  W.  Bnlkley  and  Mr.  Kansome  have  introduced  condensers,  in  which 
the  stream  of  condensing  water  is  made  by  the  adoption  of  a similar 
law  to  act  the  part  of  the  air-pump. 

Korting’s  STEAM-JET  is  illustrated  in  the  accompanying  sketch, 
(Fig.  7;3,)  as  it  was  exhibited  in  this  class  of  apparatus  at  Vienna,  with  a 
number  of  modifications  adapted  to  use  as  ejector-cwidensers,”  inject- 
ors, bilge  and  ashes  pumi)s,  and  other  such  applications. 


In  this  instrument®  tlie  sliding  colhir  A and  cones  1,  2,  and  3 are 
adjustalfie  in  relative  iM)sitioii  by  the  screw  B,  which  is  set  at  the  exact 
point  recpiired  for  maximum  efficiency  by  means  of  a scale  and  pointer. 
The  steam  enters  at  tht^  small  nozzle  seen  at  the  upper  right  haud 
corner  of  the  figure,  and  is  admitted  into  the  cones  by  the  use  ot  the 
hatid-wheel  sliown.  The  air-currenhxmters  from  below,  passes  between 
the  cones  at  A,  and  emerges  ns  shown  by  the  arrow  on  the  left.  The 
satne  tlisposition  to  which  the  efficiency  of  the  Friedmann  injector  is 
attributed  gives  effectiveness  here.  The  adjustment  of  A permits  the 
use  of  one  or  more  openings  between  the  cones,  and  determines  the 
capacity  of  the  instrument  while  working.  This  form  of  jet  is  used  as 
a gas-exhauster. 

151.  The  principles  of  steam-boiler  construction  are  exceed- 
ingly simple,  and  although  attempts  are  almost  daily  made  to  obtain 
improved  results  b^"  varying  tlio  design  and  arLingement  of  lieating- 
surface,  the  best  boilers  of  nearly  all  makers  of  acknowledged  standing 
are  practically  equal  in  merit,  although  of  very  diverse  forms. 

In  making  boilers  the  effort  of  the  engineer  should  evidently  be: 

1st.  To  secure  complete  combustion  of  the  fuel  without  jiermitting 
dilution  of  the  products  of  combustion  by  excess  of  air. 

2d.  To  secure  as  high  temperature  of  furnace  as  possible. 

3d.  To  so  arrange  heating-surfaces  that,  without  checking  draught, 
the  available  heat  shall  be  most  completely  taken  up  and  utilized. 

4th.  To  make  the  form  of  boiler  such  that  it  shall  be  constructed  with- 
out mechanical  difficulty  or  excessive  expense.  

* Lately  iutroduced  into  tho  United  States  by  Messrs.  Scblitte  Goebring,  of  I bila- 
delphia. 
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5tb.  To  give  it  such  form  that  it  shall  be  durable,  under  the  action  of 
the  hot  gases  and  of  the  corroding  elements  of  the  atmosphere. 

6th.  To  make  every  part  accessible  for  cleaning  and  repairs. 

7th.  To  make  every  part  as  nearly  as  possible  uniform  in  strength 
and  in  liability  to  loss  of  strength  by  wear  and  tear,  so  that  the  boiler 
when  old  shall  not  be  rendered  useless  by  local  defects. 

8th.  To  adopt  a reasonably  high  “factor  of  safety”  in  proportioning 
parts. 

9th.  To  provide  efficient  safety-valves,  steam-gauges,  and  other  appur- 
tenances. 

10th.  To  secure  intelligent  and  very  careful  management. 

Ill  securing  complete  combustion^  the  first  of  these  desiderata,  an  ample 
supply  of  air  and  its  thorough  intermixture  with  the  combustible  ele- 
ments of  the  fuel  are  essential;  for  the  second,  high  temperature  of  fur- 
nace, it  is  necessary  that  the  air-supply  shall  not  be  in  excess  of  that 
absolutely  needed  to  give  complete-  combustion.  The  etiiciency  of  a 
furnace  is  measured  by 


in  which  E represents  the  ratio  of  heat  utilized  to  the  whole  calorific 
value  of  the  fuel ; T is  the  furnace- temperature ; T'  the  temperature  of 
the  chimney,  and  t that  of  the  external  air.  Hence  the  higher  the  fur- 
nace-temperature and  the  lower  that  of  the  chimney,  the  greater  the  pro- 
portion of  available  heat. 

It  is  further  evident  that,  however  perfect  the  combustion,  no  heat 
can  be  utilized  if  either  the  temperature  of  chimney  approximates  to 
that  of  the  furnace,  or  if  the  temperature  of  the  furnace  is  reduced  by 
dilution  approximately  to  that  of  the  chimney.  Concentration  of  heat 
in  the  furnace  is  se'cured,  in  some  cases,  by  special  expedients,  as  by 
heating  the  entering  air,  or  as  in  the  Siemens  gas  furnace,  heating  both 
the  combustible  gases  and  the  supporter  of  combustion.  Detached  fire-  ‘ 
brick  furnaces  have  an  advantage  over  the  “ fire-boxes”  of  steam-boilers 
in  their  higher  temperatui^e ; surrounding  the  fire  with  non-conducting 
and  highly-heated  surfaces  is  an  effective  method  of  securing  high 
furnace-temperature. 

In  arranging  heating-surface,  the  effort  should  be  to  impede  the  draugh  t 
as  little  as  possible,  and  so  to  place  them  that  the  circulation  of  water 
within  the  boiler  should  be  free  and  rapid  at  every  part  reached  by  the 
hot  gases. 

The  directions  of  circulation  of  water  on  the  one  side  and  of  gas  on  the 
other  side  the  sheet  should,  whenever  possible,  be  opposite.  The  cold 
water  should  enter  where  the  cooled  gases  leave,  and  the  steam  should 
be  taken  off  farthest  from  that  point.  The  temperature  of  chimney- 
gases  has  thus  been  reduced  by  actual  experiment  to  less  than  300® 
Fahr.,  and  an  efficiency  equal  to  0.75  to  0.80  the  theoretical  is  attainable. 

. The  extent  of  heating-surface  simply,  in  all  of  the  best  forms  of 
10  MA 
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boiler,  determines  the  elTiciency,  and  the  disposition  of  that  surface 
seldom  affects  it  to  any  great  extent.  The  area  of  heating-surface  may 
also  be  varied  within  very  wide  limits  without  greatly  modifying  effi- 
ciency. A ratio  of  25  to  1 in  flue  and  30  to  1 in  tubular  boilers  represents 
the  relative  area  of  heating  and  grate  surfaces  in  the  practice  of  the 
best-known  builders. 

The  material  of  the  boiler  should  be  tough  and  ductile  iron,  or,  better, 
a soft  steel  containing  only  sutlicient  carbon  to  insure  melting  in  the 
crucible  or  on  the  hearth  of  the  melting-furnace,  and  so  little  that  no 
danger  may  exist  of  hardening  and  cracking  under  the  action  of  sudtlen 

and  great  changes  of  temperature. 

Where  iron  is  used  it  is  necessary  to  select  a somewhat  hard,  but 
homogeneous  and  tough  quality  for  the  fire-box  sheets  or  any  part  ex- 
posed to  flames. 

The  factor  of  safety  is  invariably  too  low  in  this  country,  and  is  never 
too  high  in  Europe.  Foreign  builders  are  more  careful  in  this  matter 
than  our  makers  in  the  United  States.  Tlio  boiler  should  be  built  strong 
enough  to  bear  a pressure  at  least  six  times  the  proposed  working-press- 
ure  j as  the  boiler  grows  weak  with  age,  it  should  be  occasionally  tested 
to  a pressure  far  above  the  working-pressure,  which  latter  should  be 
reduced  graduall^^  to  keep  within  the  bounds  of  safety.  In  the  United 
States,  the  factor  of  safety  is  seldom  more  than  four  in  the  new  boilers, 
frequentl}’’  much  less,  and  even  this  is  reduced  practically  to  one  and  a 
third  by  the  operation  of  our  inspection-laws. 
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AIR  AND  GAS  ENGINES. 

Steam  compared  with  gas  as  a motor;  Comparison  op  ste.vm  and  gas  engines; 
The  hot-air  engine  ; Its  disadvantages  ; Ericsson’s  engine  ; Stirling  and  Cay- 
ley’s engines  ; Henderson’s  theory  of  the  aero-steam  engine;  Calcul.ition 
of  its  efficiency;  Examples;  Lehman’s  hot-air  engine;  The  Brayton  gas- 
engin^,;  Trial  of  the  Brayton  engine  ; Eesults;  Detailed  description  of  the 
Brayton  engine;  Conclusions  from  results  of  trial;  Advantages  of  non- 
explosive gas-engines  ; The  Otto  & Langen  gas-engine  ; Trial  by  Mon.  H. 
Tresca;  Results  of  trial;  Cause  of  the  exceptional  econOxMy  observed; 
Rankine’s  theory  of  gas-engines. 

152.  Steam  compared  with  air  as  a motor. — Air  and  gas  engines 
are  expected  by  many  engineers  to  compete,  ultimately,  with  the  steam- 
engine  as  economical,  if  not  otherwise  highly  ’efficient,  motors. 

The  actual  standing  of  the  best  steam-eugine  of  the  present  time,  as 
an  efficient  heat-engine,  is  really  very  high.  The  sources  of  loss  are 
principally  quite  apart  from  the  principles  of  design  and  construction, 
and  even  from  the  operation  of  the  machine,  and  it  may  be  readily 
shown*  that,  to  secure  any  really  important  advance  toward  theoretical 
efficiency,  a radical  change  of  our  methods  must  be  adopted,  and  prob- 
ably that  we  must  throw  aside  the  heat-engine  in  all  its  forms,  and  sub- 
stitute for  it  some  other  apparatus  by  which  we  may  utilize  some  mode 
of  motion  and  of  natural  energy  other  than  heat. 

The  mechanical  equivalent  of  heat  is  reckoned  at  772  foot-pounds  per 
thermal  unit,  that  uuit  being  the  quantity  of  heat  necessary  to  raise 
one  pound  of  water  one  degree  in  temperature. 

A pound  of  pure  carbon  yields,  in  burning,  14,500  units  of  heat, 
equivalent  to  14,500  x 772  = 11,19-1,000  foot-pounds  of  energy.  A pound 
of  good  coal  containing  91  per  cent,  carbon,  as  shown  in  the  report  of 
the  committee  of  the  American  Institute  testing  steam-boilers  in  1871, 
produces  about  13,200  units  of  heat,  and  its  mechanical  equivalent  is 
13,200  X 772  = 10,190,400  foot-pounds  of  work. 

The  very  best  classes  of  modern  steam-engines  very  seldom  consume 
less  than  two  pounds  of  coal  per  horse-power  per  hour,  and  it  is  a good 
engine  that  works  regularly  on  three  pounds.  A horse-power  raises 
1,980,000  pounds  one  foot  high  per  hour,  consequently  a pound  of  coal, 
in  our  very  best  engines,  develops  but  = 990,000  foot-pounds, 


* See  Scientific  American,  vol.  xxviii;  No.  2;  p.  16. 
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instead  of  tbe  10,190,100  which  it  would  give  us  were  there  no  loss  of 


power. 

The  lirst-class  steain- engine,  therefore,  yields  less  than  10  per  cent,  of 
the  work  stored  up  in  good  fuel,  and  the  average  engine  probably  utilizes 
less  than  5 per  cent. 

A part  of  this  loss  is*  unavoidable,  being  due  to  natural  conditions  be- 
yond  the  control  of  human  power,  while  another  portion  is,  to  a consid- 
erable extent,  controllable  by  the  engineer  or  by  the  engine-driver. 

Scieutilic  research  has  shown  that  the  proportion  of  heat  stored  up 
in  any  fluid,  which  may  be  utilized  by  perfect  mechanism,  must  be  rep- 
resented by  a fraction,  the  numerator  of  which  is  the  range  of  tempera- 
ture of  the  fluid  while  doing  useful  work,  and  the  denominator  of  which 
is  the  temperature  of  the  fluid  when  entering  the  machine,  measured 
from  the  absolute  zero^— the  point  at  which  heat-motion  is  supposed 
to  cease  entirely — 4Glo.2  Fahr.  below  tlie  zero  of  the  common  scale. 

Thus,  steam,  at  a temperature  of  320^  Fahr.,  being  taken  into  a perfect 
steam-engine,  and  doing  work  there  until  it  is  thrown  into  the  conden- 


ser at  100^  Fahr.,  would  yield 


QOA 1 00 

‘ - — =().2S-f  ,*or  ratlier  more  than  one 
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fourth  of  the  10,190,199  foot-pounds  of  work  which  it  should  have  re- 
ceived from  each  ]mund  of  fuel. 

The  ratio, 

gines,  to  this  possible  j)erforinance  of  a perfect  engine  using  7o  pounds 
of  steam,  shows  us  how  much  we  have  to  hope  for  in  improving  the 

steam-engine. 

The  proportion  of  work  that  a non-condensing  but  otherwise  perfe(;t 
engine,  using  steam  of  75  pounds  pressure,  could  utilize  would  be 


=0.14  = 1;  and,  while  the  perfect  coudensing-engine  would  con- 
.3—U-^-lUl  * 

same  two-thirds  of  a pound  of  good  coal  per  hour,  the  perfect  non-con- 
densing engine  would  use  1^  pounds  j)er  hour  for  each  hoisc-powei  de 
velopod,  the  steam  being  taken  into  the  engine  and  exhausted  at  the 
tein])erature8  assumed  above.  Also,  were  it  possible  to  woik  steam 
down  to  tlie  ab.solute  zero  of  teinperatuie,  the  perfect  engine  would  re- 
quire but  0.19  pound  of  similar  fuel. 

It  may  therefore  be  stated,  with  a close  approximation  to  exactness, 
that  of  all  the  heat  derived  from  the  fuel  about  seven-tenths  is  lost 
through  the  existence  of  natural  conditions  over  which  man  can  pio 
ably  never  expect  to  obtain  control,  two-tenths  are  lost  through  impel 
fections  in  our  apparatus,  and  only  one-tenth  is  utilized  in  even  good  eii 
gines. 

Boiler  and  engine  are  intended  to  be  included  when  writingof  the  steam 
engine  above.  In  this  combination,  a waste  ot  probably  thiee-teiit  is 
at  least  of  the  heat  derived  from  the  fuel  takes  place  in  the  boiler  am 
steam-pipes,  on  the  average,  in  the  best  of  jiractice,  and  we  aie  there  oi  e 
only  able  to  anticipate  a possible  saviiigof  0.2  x 0.75=0.15,  about  oiie-sixt 
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of  the  fuel  uow  expended  in  our  best  class  of  engines,  by  iinprov'eiuents  in 
the  machine  itselt. 

The  best  steam-engine,  apart  from  its  boiler,  therefore,  has  0.85,  about 
five-sixths,  of  the  efficiency  of  a perfect  engine,  and  the  remaining  sixth 
is  lost  through  Avaste  of  heat  by  radiation  and  conduction  externally, 
by  condensation  within  the  cylinder,  and  by  friction  and  other  useless 
work  done  within  itself.  It  is  to  improvement  in  these  points  that  in- 
ventors must  turn  their  attention  if  they  would  im pro v^e  upon  the  best 
modern  practice  by  changes  in  the  construction  of  the  steam-engine. 

To  attain  further  economy,  after  having  perfected  the  machine  in 
these  particulars,  they  must  contrive  to  use  a fluid  which  they  may 
work  through  a wider  range  of  temperature,  as  has  been  attempted  in 
air-engines  by  raising  the  upper  limit  of  temperature,  aiid  in  binary  va- 
por engines  by  reaching  toward  a loAver  limit,  or  by  Avorkiug  a fluid  from 
a higher  temperature  than  is  now  done  down  to  the  lowest  possible 
temperature.  The  upper  limit  is  fixed  by  the  heat-resisting  power  of 
our  materials  of  construction,  and  the  lower  by  the  mean  temperature 
of  objects  on  the  surface  of  earth,  being  much  lower  at  some  seasons 
than  at  others. 

In  the  boiler  the  endeavor  must  be  made  to  take  up  all  the  heat  of  com- 
bustion, sending  the  gases  into  the  chimney  at  as  low  a temperature  as 
possible,  and  securing  in  the  furnace  perfect  combustion  without  excess 
o!  air-supply. 

The  best  engines  still  lack  15  per  cent,  of  perfection,  and  the  best 
boilers,  as  an  average,  over  30  per  cent. 

The  hot-air  engine  seems  to  be  the  most  promising  of  known  expedi- 
ents for  increasing  economy  by  widening  this  range  of  temperature, 
and  among  hot-air  engines  the  furnace  gas-engine  would  seem  most 
probably  the  form  of  highest  efficiency. 

153.  Steam  and  gas  engines  compared.— -Yet,  for  medium  and 
high  powers,  the  steam-engine  stands  to  day,  as  it  has  stood  from  the 
time  of  Watt,  without  a rival  as  a prime  mover.  The  high  pressure 
which  can  be  obtained  by  the  evaporation  of  water  without  excessively 
high  temperature,  the  compactness  of  the  machine  itself,  and  incidental 
advantages,  place  it  beyond  comparison  in  advance  of  all  other  heat- 
engines  for  powers  exceeding,  at  the  highest,  two  or  three  horse  power 
in  ordinar^^  cases. 

For  extremely  small  powers,  however,  the  necessity  of  having  a skilled 
attendant  makes  the  steam-engine  too  expensive  where,  as  with  small 
powers,  the  cost  of  attendance  becomes  a large  proportion  of  the  total 
running  expense.  The  difficulty  of  finding  a proper  location  for  the 
steam-engine  and  its  boiler ; the  danger  which  must  always  attend,  in 
a greater  or  less  degree,  its  use  j the  first  cost  of  so  complicated  and 
nice  a piece  of  apparatus  ; the  expense  of  repairs,  and  other  less  appa- 
rent objections,  seriously  interfere  with  its  introduction  and  general  use. 

A “ domestic  motor,’^  as  this  class  of  machine  here  considered  is  fre- 
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qnenlly  called,  should,  SO  far  as  possible,  be  perfectly  safe,  healthful, 
inexpetisive  in  first  cost  and  in  maintenance,  compact,  cleanly,  and  dur- 
able, and  should  not  require  specially-trained  attendants. 

Such  a prime  mover  has  not  yet  been  produced  j but  the  hot-air, 
electric,  and  gas  engines  are  linding  their  way  into  use  gradually  in  some 
such  situations  as  are  here  referre<l  to,  and  are  becoming  of  some  im- 
portance even  as  compared  with  the  steam-engine.  Some  examples  of 
these  machines  were  shown  at  Vienna,  although  not  representing  the 
best  of  that  practice  with  which  our  own  mechanics  are  already  familiar. 

154.  The  hot-air  engine  has  been  long  known,  and  many  varieties 
exist.  The  readiness  with  which  its  working-fluid  is  obtained  from  the 
surrounding  atmosphere,  its  efliciency  as  a heat-engine,  its  manage- 
ableness, and  its  safety  from  danger  of  explosion  at  high  temperatures, 
have  made  this  a favorite  field  with  inventors.  The  greatest  difliculty 
met  is  that  of  rajiidly  transferring  heat  to  and  from  the  mass  of  air 
employed — a consequence  of  its  nearly  perfect  non-conduction — and  that 
of  using  a miich  larger  cylinder  with  the  low  pressures  at  which  it  is 
worked  than  is  found  necessary  where,  as  in  the  steam-engine,  high 
pressure  is  attainable.  The  theoretic  efliciency  of  this  form  of  heat- 
engine  is  very  great,  in  consequence  of  its  wide  range  of  temperature; 
and  it  is  also  practically  quite  high.  A perfect  air-engine  workiug  be- 
tween temi)eratures  of  050^  and  1.50^  F.,  would  have  an  efliciency  of  0.45 
when  expanding  twice.  It  would  have  a mean  pressure  of  8..'33  pounds 
per  square  inch,  and  would  require  a large  volume  of  working-cylinder — 

cubic  feet  per  horse* power  where  S = the  number  of  strokes  p^r 

ss 

minute. 

155.  The  Ericsson  engine. — The  form  of  air-engine  most  flrmiliar  to 
American  engineers  is  the  Ericsson  so-called  “caloric”  engine,  in  which 
the  change  of  temperature  occurs  at  an  approximately  constant  pressure. 
It  consists  of  a working-cylinder,  placed  above  a furnace,  and  containing 
a piston  which  works  within  the  upper  portion.  The  piston  is  protected 
from  the  direct  hetit  of  the  furnace  by  a non-conducting  mass  suspended 
from  its  lower  side. 

Air  is  compressed  iu  a com  pressing- pump,  and  is  forced  through  a 
check-valve  into  a recedver,  where  it  remains  under  pressure  until  it 
passes  into  the  working-cylinder.  Ea  route  to  the  working-cylinder,  it 
passes  through  a regenerator — a vessel  filled  with  wire-gauze,  or  some 
other  metallic  porous  mass — which  has  been  heated  by  the  exhaustion 
through  it  of  air  which  has  done  duty  iu  the  cylinder,  lieaching  the 
lower  part  of  the  working-cylinder,  it  is  in  direct  contact  with  the  fur- 
nace, and  is  rapidly  heated  by  convection.  Expanding,  it  forces  up  the 
piston,  and  on  the  return-stroke  is  exhausted  through  the  regenerator, 
where  it  leaves  a portion  of  its  heat  to  be  transferred  agaiu  to  the  next 
entering  charge  of  air. 

The  air-engines  of  the  steamer  Ericsson,  by  far  the  largest  ever  con- 
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stracted,  were  found  by  Professor  Norton  to  consume  1.87  pounds  of  coal 
per  horse  power  per  hour,  and  gave  an  efficiency  equal  to  0.10. 

156.  Stirling’s  engine. — In  another  form  of  engine,  invented  by  Dr. 
Eobert  Stirling  in  1827,  the  temperature  of  air  changes  under  approxi- 
niatel3"  constant  volumes,  the  same  mass  of  air  being  sent  alternately 
into  and  out  from  the  heater,  its  change  of  pressure  producing  the 
movement  of  the  piston  in  the  working-cylinder.  Such  an  engine,  work- 
ing between  the  limits  of  temperature  already  above  assumed,  gives  an 
efficiency  of  0.3,  with  a mean  pressure  of  37f  pounds  per  square  inch, 
consuming  about  1|  pounds  of  coal  per  horse-power  per  hour. 

157.  Cayley’s  engine. — A later  form  of  air-engine,  and  one  which 
promises  well  in  the  opinion  of  some  able  engineers,  is  the  furnace-gas 
engine,  in  which  the  furnace-gases  and  products  of  combustion  pass 
into  the  working-c.yliuder  and  are  utilized  as  the  working-fluid.  The 
earliest  engine  of  this  class  was  that  of  Sir  George  Ca^dey,  invented 
about  1830.  A well-known  example  of  this  type  is  that  of  the  American 
engineer  Stephen  Wilcox.  The  difficulties  met  with  in  this  engine  are 
the  burning-out  of  the  jnston  and  working-c^dinder  under  the  intense 
heat,  and  the  “ cutting”  of  surfaces  by  the  dust  carried  over  in  the  work- 
ing-fluffi. The  former  difficulty  has  been  at  least  partially  overcome  by 
the  use  of  a water-jacket.  The  latter  will  very  possibly  be  avoided  by 
the  use  of  a combustible  which,  like  the  petroleums,  contains  no  gritty 
constituent. 

158.  The  aero-steam  engine  is  a modification  of  the  furnace-gas 
engine,  in  which  the  working-fluid  is  a mixture  of  the  furnace-gases  with 
steam  from  a steam-boiler  within  which  the  fuel  is  burned  j it  has  recently 
excited  much  attention  from  engineers.  This  engine  was  experimentally 
fitted  to  the  steamer  Novelty,  in  the  United  States,  many  years  ago, 
and  has  since  been  brought  into  notice  b^^  several  inventors,  among  the 
latest  of  whom  is  Mr.  Warsop,  a British  engineer. 

The  theory  of  this  engine  is  similar  to  that  of  other  air  and  gas  en- 
gines in  many  respects,  and  has  been  given  by  Mr.  J.  Augustus  Hen- 
derson-, in  a graduating  thesis  at  the  Stevens  Institute  of  Technology. 

. His  method  and  results  are  as  follows  : 

The  theory  of  aero-steam  engines. — The  case  to  be  discussed  is  restricted  to 
that  of  a high-pressure  aero-steam  boiler  aud  engiue  of  the  following  general  descrip- 
tion : 

The  boiler  would  be  provided  with  an  inclosed  furnace,  from  which  the  whole 
products  of  combustion  under  pressure  would  be  injected  into  the  water,  and  there  so 
lowered  in  temperature,  at  the  expense  of  further  formation  of  steam,  that  when  thor- 
oughly mixed  with  all  of  the  steam  formed,  a given  final  temperature  of  superheating 
would  be  produced.  The  engine  would  consist  essentially  of  a main  working-cylinder 
using  this  mixture  expansively  to  atmospheric  pressure,  an  air-compressing  pump  to 
supply  air  to  the  imprisoned  fuel  under  the  boiler-pressure,  aud  of  the  mechanism  by 
which  the  two  would  be  couuected  aud  the  excess  of  work  delivered. 

Before  making  any  numerical  calculations,  the  general  formula  applicable  to  such  an 
engine  and  boiler  are  introduced  as  embracing  the  main  points  of  importance  or  of 
interest,  and  as  serving  for  a common  basis  from  which  the  several  examples  may  be 
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worked  out  by  direct,  substitution.  The  principal  authority  referred  to  for  the  con- 
stants used  in  calculation  was  Professor  Rankine,  and  his  noineuclaturo  and  funda- 
uiental  ecjuations  were  applied  when  practicable.  The  majority  of  the  formula,  how- 
ever, and  more  especially  those  relating  to  the  determination  of  the  proportion  of 
steam  and  air  by  weight,  and  by  volume  before  mixture,  their  tension  when  mixed, 
and  to  the  determination  of  the  value  of  the  constant  y for  the  mixture,  are  here 
deduced,  as  no  such  formula  could  bo  found  in  published  works.  All  of  the  formulas, 
other  than  those  whoso  results  are  ratios,  apply  to  such  quantities  as  are  produced  by 
the  entrance  of  one  pound  of  air  through  the  compressing-pump,  this  mode  of  treat- 
ment greatly  simplifying  the  relations  between  them.  The  general  method  adopted 
for  obtaining  the  effective  work  developed  per  pound  ol*  air  admitted,  by  computing 
the  work  of  exjuinsion  and  compression  from  the  theoretic  forms  of  the  diagrams,  and 
taking  the  difference,  w'as  found  to  be  the  most  satisfactory  and  direct  under  the  cir- 
cumstances. It  should  bo  observed  that  the  wor<l  air,  owing  to  its  shortness,  is  com- 
iiionly  employed  to  denote  the  products  of  combustion,  except,  of  course,  in  those  state- 
ments where  the  use  of  the  more  specific  term  becomes  necessary. 

Below  is  given  the  general  notation  to  he  used  in  the  formulas : 
rresHures,  measured  absolutely  in  iiounds  per  square  foot: 

1*6  = pressure  of  atmosphere. 

p,  = pressure  in  boiler  and  during  admission  in  main  cylinder. 
j>.,=  pressure  of  exhaust  = 1*.  when  back  pressure  above  atmosidiore  is  not  consid- 
ered. 

P»,  P|,  A c.,  the  same  measured  in  pounds  per  square  inch,  and  above  the  atmosphere, 
except  when  otherwise  stated. 

Temperatures,  in  degrees  Fahrenheit : 

= temperature  of  atmosphere, 

/i,  = temperature  after  compression  in  pump. 

= temperature  upon  leaving  the  tire. 
t|  = temperature  of  mixed  air  and  steam, 
temperature  of  exhaust. 

/f=  temperature  at  which  feed-water  is  8iip)died. 

Ta,  Tb,  &c,,  the  same  as  measured  from  the  absolute  zero  — 461’2^  F. 

Heights  in  pounds  per  pound  of  air  admitted : 
ire=^veight  of  products  of  coiiibiistiou. 
tra=  weight  of  steam  formed. 
w = weight  of  mixture  of  the  two. 

Vohinies  in  cubic  feet  per  pound  of  air  admitted : , 

ra  = volume  of  one  pound  air  when  first  admitted  to  compressing-pump. 
i''b  = volume  of  the  same  when  compressed. 

rc  = volume  of  products  of  coiubustiou  at  temperature  of  mixture. 

1'!=::  volume  of  steam  at  the  same  temperature, 
fi  = volume  of  air  aud  steam  after  mixture. 

1'^  = volume  of  mixture  when  expanded  to  atmospheric  pressure. 

It  alios : 

r = ratio  of  expansion  in  main  cylinder. 

rc  = ratio  of  compression  in  pump. 

rp=  ratio  of  boiler  to  atmospheric  pressure. 

ratio  of  weight  of  steam  to  products  of  combustion. 

</v  = ratio  of  volume  of  steam  to  products  of  combustion. 

<7h  = ratio  of  heat  absorbed  by  steam  to  that  remaining  in  air  nhore  heat  of  compression, 
The  quantities  usually  assumed  as  data  are  I*«,  Fj  and  P^,  b aud  t{,  from  which  jp». 
PhPit  ®od  Tp,  Ta  and  ti  may  ho  directly  found  ; also  11  the  total  heat  of  eomhustion  in 
foot-pounds,  x>er  pound  of  fuel,  and  N the  number  of  pounds  of  air  supplied  for  the 
same. 
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The  points  to  be  deteriniued  are  taken  up  in  the  order  in  which  they  naturally  pre- 
sent themselves,  beginning  with  the  heat  of  compression  and  ratio  of  compression  in  pump. 
Since  the  air  is  compressed  without  gain  or  loss  of  heat, 


Tb  _ y— * 7 — ^ 

ra  \pj  y = rp  7 

and 

I?  _ IP}\  -L  — 
rb  \pj  r = rp  r 

where  y = 1.408  for  air.  From  these  two  equations  it  follows  that 

y — ^ 

Th  = r^rp  7 and  rc=rp  y 

in  which  substituting  the  value  of  y,  and  adapting  to  the  use  of  logarithms,  we  get 

log  n,  = log  Ta  -f-  0-29  log  J-p ( 1 ) 

log  t’c  — 0.71  log  /'p (2) 

from  which  fb  and  Vc  may  be  computed. 

Initial  temperature  tc  of  gases  leaving  fire. — In  finding  this,  <h,  the  temperature  directly 
added  by  combustion,  is  first  obtained  bj’^  the  formula 

(h= (3) 

772  -h  N)  X 0.238 

• 

the  numbers  772  and  0,238,  being  Joule’s  equivalent  and  the  specific  heat  of  the  pro- 
ducts of  combustion  under  constant  pressure. 

This  temperature  being  added  to  that  of  the  air  leaving  the  pump,  gives 

tc=^t\}-\-  fb  - - * ---('1) 

Haiio  of  heat  of  conibustion  absorbed  in  gasifging  steam,  to  that  remaining  in  air,  above 
heat  of  compression. — On  account  of  the  transfer  of  heat  in  the  boiler  taking  place  at 
constant  pressure,  the  quantities  of  heat  are  proportional  to  the  changes  in  tempera- 
ture, as  is  seen  in  the  equation  giving  the  desired  ratio, 

^ 0.238  Wc  (tc  0 tc.  tj 

0.238  U’c  (h — tb)  ti  — tb 

The  percentage  of  heat  entering  steam  and  air  might,  if  necessary,  be  obtained 
from  the  formulas 

and  /ic  = 100-;is. 

1 X 

Weight  of  products  of  combustion  per  pound  of  air  admitted. 

1 -f-  N 




Proportions  by  weight  of  steam  and  air. 

Since  the  steam  is  to  be  in  such  quantity  that  the  heat  required  to  form  it  in  the 
gaseous  state  at  from  the  feed-water  shall  leave  the  air  at  the  same  temperature, 
and  since  the  heat  lost  by  the  air  is  wholly  taken  up  by  the  steam,  we  must  have 

0.238  Wc  (tc — U)=.iVBXh 

where  h is  equal  to  the  total  heat  of  gasification  jier  pound  of  steam  for  any  constant 
pressure,  and  has  the  empirically  determined  value  of 

1092-1-0.475  (h— 32)  — (tj— 32) 
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thermal  units.  By  substituting  this  in  the  previous  equatiou  and  reducing,  is  obtained 
the  following : 

0.238  (t,-h) 

^ trc  1124-1-0.475  (b— 32)- b ^ 


*.•  Ws=wxqw (8) 

and  = iec“|”*<’8  = it’c  (l“hQ'w) •. (9) 


Vroiyortion  hy  volume  of  steam  and  air. 
For  one  pound  of  any  gas  we  must  have 


PJ!_Po  Vo  _PoJ:o  ^ jr 
r To  p 


in  which  ° is  constant,  and  has  for  its  value  the  difference  between  the  dyuamical 


specific  heats  under  constant  pressure  and  under  constant  volume  of  the  gas  consid- 
ered. 

For  air,  is  equal  to  53.15,  and  for  steam  85.00  foot-pounds. 


To 

Since  the  volume  of  the  products  of  combustion  is  known  to  be  almost  exactly  the 
same  as  that  of  the  air  supplied,  for  the  same  pressure  and  temperature,  in  the  pres- 
ent case  Vc  will  ho  the  volume  of  one  pound  of  air  at  the  pressure  and  temperature  of 
superheating,  or 


r.=  53.15  ~ 


(10) 


The  volume  of  the  steam  will  bo  that  of  a weight,  Wa,  at  the  same  pressure  and  temper- 


ature, or 


r,  = 857^  X w, 
ih 


,(11) 


Fronl and  I’c  are  directly  obtained 


and 


Vb 

Vc 

Vi  = Vc  + I’s. 


(12) 

(13) 


Hero,  r,,  v and  q^,  of  course  apply  only  to  the  volumes  before  mixture,  as  after  mixture 
t'a  and  i’e  each  ejpuil  Vi  and  qv  = 1.  This  diffusion  of  the  air  and  steam  to  the  same 
volume  t?i,  is  accompanied  by  a corresponding  fall  in  tension  of  each,  but  the  sumof  the 
two  tensions  remains  equal  to  the  pressure  pi  before  mixture,  and  neither  the  result- 
ant pressure,  volume,  nor  temperature  is  afl’ected. 


Determination  of  the  value  of  pr oyer  for  mixed  air  and  steam. 


The  general  equation  of  adiabatic  curves  for  any  gas  is 

— y 

p = constant  X v _ 

where  y is  constant,  and  has  for  its  value  the  ratio  of  the  specific  heat  at  constant 
pressure,  to  that  at  constant  volume,  of  the  gas  under  consideration. 

Denoting  by  and  CJ,  CJ*  and  CJ,  the  specific  heats  at  constant  pressure  and  con- 
stant volume  of  air  and  steam,  respectively,  we  thus  have 


for  air 


and  for  steam 


Cl 


c: 


= = 1.408 


0.1G9 


£:M  = 1.3 
0.370 


very  nearly. 
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It  sbould  be  mentioned  that  the  specific  heats  of  the  products  of  combustion  of  all 
ordinary  fuels  are  stated  by  Rankine  not  to  differ  sensibly  from  those  of  pure  air,  and 
accordingly  no  distinction  is  here  made. 

To  find  7ra,  the  value  proper  for  air  and  steam  mixed  in  the  proportions  already 
found,  we  may  determine  the  two  specific  heats  and  the  mixture,  and  take 
their  ratio. 

As  the  weights  ^Va  and  iVc  bear  to  each  other  the  ratio  q^,  and  have  Wi  for  their 
sum, 

_ (Ca  -f-  Cs)  tCp  T pv  (^a  ~f~ 

~ ll'l  ~ 1^1 

cr„  _ (C^  + <7w  cn  y 1th  _ (C^a  + 

. • . 7xa  ^ Qv ) (C-  + C; 

in  which,  substituting  the  values  of  the  several  specific  heats, 

_ 0.238  -|-  0.48  <7w  /'14  \ 

1.169 -i- 0.37  ^ 

To  use  yni  as  thus  calculated,  it  is  necessary  that  the  mixture  be  sufficiently  super- 
heated above  the  point  of  saturation  of  the  steam,  to  keep  the  latter  in  the  truly  gase- 
ous state,  a condition  that  would  probably  be  realized  in  most  actual  examples. 

Batio  of  expansion  in  main  cylinder  and  temperature  of  exhaust. 

It  is  here  assumed,  owing  to  the  insulation  action  of  the  air  in  mixture,  and  to  the 
cylinders  being  properly  clothed  to  prevent  conduction  and  radiation,  that  no  appreci- 
able quantity  of  heat  is  lost,  and  consequently  that  the  curve  of  expansion  will  be 
I’uly  adiabatic,  in  which  case,  analogous  to  that  of  the  compressing-pump, 

Ym  1. 

r,  = T,tpj\r^  and 

'pi' 

or  taking  the  atmospheric  pressure  for  pi,  since  ~ reduces  to  ^ = rp  — 1, 

jPl  J'l 

Ym  — ^ _L 

n = ri  rp  — , and  r = r ; 

from  which  follow : 

• 1 

log  ra  = log  ri  -f  — - [a.  c.  log  ?>] [15] 

} 

and  l^S ^ 1^0  i*p - — -..-.[16] 

Volumes  of  main  and  pump  cylinders  per  pound  of  air  admitted. 

Main  cylinder,  V2  = r vj, [17] 

Pump-cylinder,  t>a  = 53.15  ^ [18] 

Pa 

Batio  in  which  the  space  swept  hy  the  pump-piston  is  less  than  that  swept  hy  main  piston. 



Mean  forward  ahsolute  pressures  on  main  and  pump  pistons. 

In  the  main  cylinder,  where  the  curve  of  expansion  has  for  its  equation 

7in 

p = constant  X v — 

it  may  be  demonstrated  by  the  integral  calculus,  according  to  the  general  method  set 
forth  in  Rankine,  that  qm,  the  ratio  of  the  mean  forward  pressure  pm  to  the  initial 
pressure  pi,  is  given  by  the  formula — 

ym  -r  TE-i 

qm=^^  ym-l  =J: ?:s [20] 

Pi  7m  — 1 


156 


VIENNA  INTERNATIONAL  EXHIBITION,  1873. 


from  wbicli 

I>m  = [21] 

For  the  pump,  denoting  the  ratio  by  and  the  mean  pressure  by  pn,  we  have  in  a 
similar  manner, 

ya-1 

5„  = E."  = ’A_^ 

and 

Pn  = <7nPi [*23] 

Gross  work  in  main  cylinder. 

Um  = (Pm  — Pa)  X V3..  . ...  .......  ......  [24] 

Work  of  resistance  of  pump. 

Un  = (Pn  — Pa)  X t'tt [25] 

Effective  work  developed,  per  iwund  of  air  admitted. 

Ue  = Ura  — Un ....  [26] 

JJcat  of  combustion  used  for  the  same,  in  foot-pounds. 

H,  = y [27] 

Jleai  rejected  in  exhaust,  in  foot-pounds. 

ir,  = lI‘-Ue [28] 

Mean  effective  pressure,  or  pressure  in  main  cylinder,  equivalent  to  performance  of  work. 

1’.  = ^” [22] 

V 9 

When  given  in  pounds  per  square  foot,  as  directly  computed  from  this  formula,  Pe 
further  represents  the  effective  energy  developed  per  cubic  foot  swept  through  by  the 
main  piston. 

Pressure  equivalent  to  expenditure  of  heat, 

p Hi ; (30) 

‘'■“Va 

Efficiency  of  fluid. 


(31) 

^ 111  Ih 

This  also  includes  the  eflfloieucy  of  the  furnace,  which  for  the  given  form  of  boiler  is 
unity,  because  of  there  being  no  waste  heat  up  the  chimney. 

Weight  of  fuel  used,  per  effective  horse-power  per  hour. 

Since  the  work  perfornuMl  per  pound  of  fuel  is  N X Ue*  and  there  are  1,980,000  feet 
pounds  to  he  performed  by  the  desired  weight  C of  that  fuel,  it  follows  that 

p _ 1 ,980,000.  1 ,980,000  (32) 

N X Ue  “ K X H.  

The  numerical  examples,  six  in  number,  are  given  in  tabular  form  and  in  the  order 
in  which  they  were  originally  worked  out,  as  being  applicable  to  the  plan  of  aero- 
steam  engine  considered,  while  working  under  several  conditions,  relative  to  the  higher 
limiting  pressures  and  temperatures,  and  with  varying  supplies  of  air,  above  the 
amount  necessary  for  complete  combustion.  These  quantities  were  chosen  to  fall 
within  the  limits  of  possible  practice,  and  at  the  same  time  to  give  those  results  most 
likely  to  be  applied  with  advantage  to  this  form  of  engine. 

In  the  first  example  given,  the  temperature  tz  of  exhaust  was  chosen  at  212^  F.  to 
make  a more  direct  comparison  with  the  common  high-pressure  steam-engrne,  and  the 
boiler  pressure  pi  afterward  calculated,  but  in  the  other  five  it  was  found  best  to 
idacepi  among  the  <lata  instead  of  tz,  the  order  of  all  the  determinations  remaining  as 
in  the  general  formulas. 

The  following  data  are  common  to  all  of  the  examples,  and  therefore  are  here  intro- 
duced) to  be  referred  to  when  needed. 
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Common  data. 

Pa  = P2  14.7  pounds  per  square  inch,  or  pa=i>2  = 2,116.4  pounds  per  square  foot. 

H = 10,000,000  foot-pounds,  or  somewhat  less  than  13,000  British  thermal  units,  a fair 
value  for  good  coal,  whether  bituminous  or  anthracite. 

ta  =50°,  being  roughly  assumed  as  about  the  average  atmospheric  temperature  in 
this  climate. 

if=  100°,  a value  that  is  supposed  to  be  reached  by  the  use  of  a feed-water  heater 
attached  to  the  exhaust  of  the  engine. 

The  least  quantity  of  air  practically  required  for  the  complete  combustion  of  one 
pound  of  average  coal  or  coke  was  taken  at  18  pounds,  being  about  1.5  times  the 
amount  theoretically  necessary  to  furnish  the  oxygen  for  combination. 

Following  is  given  the  table  of  examples,  arranged  as  far  as  possible  with  reference 
to  compactness.  The  horizontal  row  of  figures  on  the  top  of  the  table  refers  to  the 
example,  and  the  vertical  one  on  the  left  to  the  general  formulas  as  is  there  indicated. 

The  numerical  calculations  are  only  carried  out  so  far  as  to  prevent  any  practically 
considerable  errors  from  arising.  For  ratios  having  values  near  unity,  three  places  of 
decimals  is  considered  to  be  amply  sufficient. 

The  value  of  in  the  third  and  fifth  examples  is  caused  to  come  out  negative  by 
the  fact  of  exceeding  ti  in  which  case  it  should  be  defined  as  the  ratio  of  the  com- 
bined quantities  of  heat  supplied  to  the  steam,  both  from  the  fire  and  the  excess  of 
heat  of  compression,  to  this  latter  excess,  lost  from  the  air  by  its  fall  in  temperature 
from  fb°  to  ti°. 

Table  of  numerical  calculations  on  aero-steam  engines. 


Number  of  foi  - 
mula. 

Symbol  for 
quantity. 

Denomination  of  quan- 
tity. 

Number  of  example. 

• 

1 

2 

3 

4 

5 

6 

P, 

Above  atmosphere, 

32.  63 

60. 

100. 

106. 

100. 

60. 

pounds  square-inch. 

“‘I 

b 

Degrees  Fahr 

450. 

450. 

450. 

600. 

450. 

600. 

N 

Pounds 

19. 

18. 

18. 

18. 

54. 

54. 

1 

tb 

Degrees 

256. 1 

357.9 

466.  4 

466.4 

466.4 

357.9 

2 

n 

Ratio 

2.  294 

3. 172 

4.  301 

4.  301 

4.  301 

3. 172 

3 

th 

Degrees 

2864.  5 

2864.  5 

2864.  5 

2864.  5 

989.6 

989.6 

4 

tc 

Degi'ees 

3120.  6 

3222.  4 

3330.  9 

3330.  9 

1456.  0 

1347.  5 

5 

qh 

Ratio 

13.  773 

30. 102 

-175.  7 

20.  440 

-61.34 

.3.  088 

t) 

Wc 

Pounds 

1.  056 

1.  0.56 

1.  056 

1.  0.56 

1.019 

1.  019 

7 

Qw 

Ratio 

0.519 

0.  540 

0.  561 

0.  502 

0. 196 

0. 137 

8 

Ws 

Pounds 

0.547 

0.570 

0.  592 

0.  530 

0.  200 

0. 140 

■ w 

9 

Wi 

Pounds 

1.603 

1.  636 

1.  648 

1.  586 

1.219 

1. 159 

0) 

10 

Vb 

Cubic  feet 

7.  106 

4.  503 

2.  932 

3.418 

2.  932 

5.  246 

11 

Vs 

Cubic  feet 

6.  218 

4. 104 

2.  759 

2.  897 

0.  957 

1. 174 

a 

12 

qv 

Ratio 

0.875 

0.911 

0.  941 

0.848 

0.  326 

0.  223 

cs 

13 

Cubic  feet 

13.  324 

8.  607 

5.  691 

6.  315 

3.  889 

6.  420 

14 

ym 

Ratio 

1.  349 

1.  348 

1.  347 

1.349 

1.  375 

1.383 

C3 

15 

■’'2 

Degrees 

212.  0 

137.9 

7.5.  1 

162.  1 

58.  8 

215.2 

o 

16 

r 

Ratio 

2.  380 

3.  336 

4.593 

4.  .584 

4.  454 

3.  239 

'S  ^ 

17 

V2 

Cubic  feet 

31.  71 

28.  71 

26.14 

28.  95 

17.32 

20.  80 

c 

fl 

18 

Va. 

Cubic  feet 

12.84 

12.  84 

12.  84 

12.  84 

12.  84 

12.  84 

o 

19 

qo 

Ratio 

0.  405 

0.  447 

0.  491 

0.  444 

0.  741 

0.612 

20 

qm 

Ratio :... 

0.  734 

0.  596 

0.  476 

0.  476 

0.  482 

0.  601 

21 

Pm 

Pounds  square  foot 

5004.  9 

6410.  8 

1861.8 

7861.  8 

7960.  9 

6464.  6 

03 

22 

gn 

Ratio 

0.  732 

0.  606 

0.  488 

0.  488 

0.  488 

0.  606 

23 

Qn 

Pounds  square  foot 

4989. 3 

6518.  3 

8060.  0 

8060.  0 

8060.  0 

6518.  3 

s 

w 

24 

Um 

Foot-pounds 

91.597. 

123296. 

150179. 

166306. 

101227. 

90429. 

O) 

M 

25 

Un 

Foot-pounds 

36888. 

51516. 

76310. 

76310. 

76310. 

56516. 

26 

Ue 

Foot-pounds 

54709. 

66790. 

73869. 

89996. 

24917. 

33913. 

27 

H, 

Foot-pounds.  . .. 

555555. 

555555. 

555555. 

5555.55. 

185185. 

185185. 

28 

H2 

Foot-pounds 

500846. 

488775. 

481686. 

465.5.59. 

160268. 

151272. 

29 

Pe 

Absolute  pres.,  lbs.  sq.ft 

1729.  2 

2326.  0 

2825.  9 

3109. 1 

1438.  6 

1630.  6 

29 

Pe 

Absolute  pres.,  lbs.  sq.  in 

11.98 

16.  15 

19.  63 

21.  .59 

9.  99 

11.  .33 

30 

Ph 

Absolute  jjres.,  lbs.  sq.  ft 

17520. 

19350. 

21253. 

19192.  8 

10692.  0 

8904.  4 

31 

E 

Ratio 

0.  098 

0. 120 

0. 133 

0 162 

0. 135 

0. 183 

32 

C 

Pounds 

2.011 

1.647 

1.  489 

1.  222 

1.471 

1.  082 

In  order  to  give  a clearer  idea  of  the  precise  mode  of  obtaining  the  results  given  in 
this  table,  the  calculations  in  the  case  of  example  two  are  below  indicated  in  full,  as 
they  were  originally  worked  out  by  direct  substitution  of  the  data  in  the  formulas. 
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EXAMPLE  TWO. 

Data. 

P,  = GO  pounds,  = 450°  and  N = 18  pounds. 

. • . z=  144  X GO  -j-  2116.4  = 10756.4  pounds  per  square  foot. 

RESULTS. 

log  rb  = log  511.2  + 0.29  log  5.082 

. • . Tb  =*819.1  and  h = 357.9° (1) 

log  Pc  = 0.71  log  5.082 

»-c  = 3.172 (2) 

<h  10,000,000 =2864.5° (3) 

772(1  + 18)  X 0.238  * 

=2864.5  + 357.9  = 3222.4° (4) 



t(’c=  =1.056  pounds (6) 

IH 

0.i»38  (3222.4-  4r.0)  (7) 

‘ 1 124  H-  (1.475  X 4 1«  — 100 

M’i  = 0.540x  1.056  = 0.570  potmds  (8) 

«?!=  0.570+1.0.56  = 1.626  pounds (0) 

ra=53.15  -^^^-‘^-  = 4.503  011610  feet (^0) 

10756.4 

f, =:  85  - Ij-  X 0.57  = 4.104  eubic  feet (1^) 

10756.4 

g,  = ±124=  0.911 (12) 

4.503 

Vi  = 4.503  + 4.104  = 8.607  cubic  feet 

0.238  + 0.48  X 0..54  _ ^ (14) 

~ 0.169  + 0.37  X 0.54  ” 

J ^ • 

0.731  and  = 0.258 

7m  7™ 

log  Ta  = log  911.2+0.258  (a.  c.  log.  5.082) 

72=599.1°  and  

log  r = 0.741  log  5.082 



€2=3.336  X 8.607=28.71  cubic  feet 

ra= 53.15  •'*1-— =12.84  cubic  feet 

2116.4 



^ 28.71 

1.348  _ 1 

f/m = 3.3.16  5.082_ Q ^ ^ .--•(20) 

Pm=0.596  X 10756.4  = 6410.8  pounds  per  square  foot 

1.408  _ 1 

5n“3.1/2  5.082  fOO\ 

U.408 
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0.606  X 10756.4=6518.3  pounds  per  square  foot 

U“  = (6410.8  — 2116.4)  28.71  = 123,296  foot-pounds.. 
Un=(6518.3 — 2116.4)  12.84=56,516  foot-pounds... - 
Ue=  124296 — 56516=66,780  foot-pounds 

Hi  = IWO^^  555,555  foot-pounds 

H2=555,555 — 66,780=488,775  foot-pounds ... 
Pe  = pounds  per  square  foot, 

or  16.15  pounds  per  square  inch 

Ph  -=  ^ ~ 19,350  pounds  per  square  foot. 


or  134.4  pounds  per  square  inch 


66781 

555,555 


= 0.120 


1,980,000 
18  X 66781 


=1.647  pounds 


(23) 

(24) 

(25) 
,(26) 

.(27) 

(28) 

(29) 

(30) 

(31) 

(32) 


It  might  be  well  to  give  an  application  of  the  last  set  of  formulas  upon  condensation, 
to  illustrate  the  manner  of  their  use,  though  the  results  were  not  thouglit  of  sufficient 
importance  to  be  tabulated. 


<1A 


0..540 

0.911 


X 


85 


53.15 


:0.98 


(33) 


^8=^^X21164.  = 1030.7  pounds  per  square  foot, 
i.yo 

or  7.16  pounds  per  square  inch (.34) 


The  required  value  /d  corresponding  to  this  absolute  pressure,  was  found  by  reference 
to  tables  to  be  177.84°  Fahrenheit. 

The  only  other  example  in  which  these  calculations  were  made  was  the  third,  where 
= 0.954,  ps  = 7.17  pounds  per  square  inch,  and  <d  = 178.35°,  the  departure  from  the 
results  of  the  previous  case  being  but  slight. 

It  should  be  stated  that  almost  all  of  the  general  formulas  from  which  these  exam- 
ples -were  worked  out  are  also  applicable  to  aero-steam  engines  using  any  smaller  pro- 
portions of  air  than  the  whole  of  the  products  of  combustion  ; only  those  relating  to 
the  determination  of  the  separate  weights  of  the  air  and  steam  would  have  to  be 
altered. 

. In  addition  to  the  formulasand  examples  thus  far  given,  several  other  problems  were 
investigated,  whose  general  conclusions  only  need  be  referred  to.  The  most  important 
of  them  relate — 

(1.)  To  the  effect  which  would  be  had  upon  the  work  and  efficiency  of  an  aero-steam 
engine,  were  the  air  and  steam  conceived  to  expand  in  separate  cylinders,  their  weights , 
initial  pressures  and  temperatures,  and  final  pressures,  beipg  the  same  as  in  the  mix- 
ture ; and 

(2.)  To  the  determination  of  the  size  of  the  lifting  air-pump  for  a condensing-engiue. 

In  regard  to  the  second  of  these  j)roblem8,  enough  has  been  already  said  while  the 
practicability  of  using  condensation  was  being  considered. 

As  the  result  of  the  first,  it  may  be  stated  that  in  calculations  made  with  the  data  of 
several  of  the  previous  examples,  the  work  developed  by  the  separate  expansion  of  the 
weight  Wz  of  air  and  Wb  of  steam,  from  the  common  initial  temperature  ti  and  pressure 
Pi  to  the  atmospheric  pressure  ps  was  in  every  case  the  same  as  the  work  already  found 
for  the  weight  tvi  (=  Wc  -f-  tVa)  of  the  mixture,  expanding  with  the  same  values  of  pi 
ti  and  Pa. 

The  following  are  the  conclusions  arrived  at  concerning  the  most  advantageous  use 
of  mixed  air  and  steam  in  the  engine  under  discussion  : 

(1.)  When  h is  required  to  have  a moderate  value,  so  that  the  effects  of  heat  need  not 
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l»o  provielcnl  for,  compiinitivoly  hiffli  valneB  of  Pi  with  tlio  loast  possible  supply  of  air 
N,  are  the  nio.st  adviiuta^eon.s  as  yieldin<;  the  highest  etllcieiicy  consistent  with  the 
given  toinporiitiire,  m addition  to  high  mean  etiective  pressuriis,  with  moderate  size  of 
pump.  The  case  is  well  illustrated  by  the  third  example.  When  preparations  are 
made  for  the  use  of  high  temperatures,  two  additional  cases  arise. 

(2.)  If  at  the  same  time  with  high  otticiency  a high  moan  etfective  presstire  and 
small  pump  are  desired  to  he  retained,  Pi  must  remain  at  a high  value  and  N he  kept 
reduced  as  far  as  possible.  This  case  is  e(iuivaleut  to  the  precediug  one  with  an  ele- 
vation of  fi,  as  in  example  four. 

If  the  very  highest  edlciency  bo  recptired  at  the  expense  of  an  increased  bulkiness  of 
the  engine,  Pi  may  bo  reduced  and  N iucrease.d  us  was  done  in  example  six. 

159.  In  order  to  impart  more  concise  ideas  as  to  the  loading  dimensions  as  well  as 
gross  consumption  of  fuel  of  aero-steam  engines  of  this  class,  there  may  bo  hero  intro- 
duced with  propriety  a short  application  of  the  results  of  a few  of  those  examples  to 
as  many  cases  of  actual  engines,  while  working  according  to  their  data  and  exerting 
diflerent  given  amounts  of  power. 

The  best  examples  to  illustrate  are  probably  the  third,  fourth,  and  sixth,  which  have 
just  been  cited  as  being  typical  of  the  three  courses  open  to  advantageous  change  in 
the  data: 

(1.)  A large  siugle-cylirider  marine  engine,  to  exert  1,000  indicated  horse-power,  while 
making  50  revolutions  per  minute  and  working  according  to  the  data  of  example  three ; 

(2.)  A locomotive  with  two  cylinders  indicating  a power  of  200  horses  and  making 
150  revolutions  while  fulfiHiiig  the  conditions  of  example  four ; and 

(3.)  A small  single-cyliiidcreil  stationary  engine,  of  10  horse-power, 'running  with  a 
speed  of  80  revolutions,  as  illustrative  of  example  six. 

The  (piautitieH  to  he  deteriiilucd  are  V„,  and  the  respeetive  volumes  in  cubic  feet 
of  the  main  and  pump  cylimlers  when  both  are  double-acting,  and  Ci  and  Ct  the  cou- 
suinptions  of  coal  by  the  engine  in  pounds  per  hour  aud  tons  per  day,  resiiectivoly. 

Denoting  by  the  symbols  I*  and  R,  the  number  of  horse-powers  and  rate  of  revoliiliou 
per  minute  of  the  engine,  aud  referring  to  the  general  formulas  or  examples,  for  the 
values  of  \\\,  l*c,  ra,  r/c  aud  C,  wo  may  directly  see  that 
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It  should  be  noticed  that  the  first  common  factor  in  the  second  meinhors  of  both 
equations,  (a)  aud  (/»,)  is  the  uiimhor  of  poumls  of  air  admitted  to  the  eugiiie  foi  each 
stroke  of  the  pistou. 

The  table  given  embraces  the  application  of  those  formulas  to  the  throe  cases  pm 
posed,  and  includes  besides  their  principal  data  and  direct  results  of  calculation,  thiee 
additional  columns  of  the  equivalent  dimensions  of  the  main  aud  pump  cylinders, 
whose  diameters  dm  and  aud  common  stroke  «,  are  expressed  to  the  nearest  inch. 
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Both  dxa  and  S were  at  once  determined  from  Vm  by  assuming  the  ratio  entered 

among  the  data  in  the  table,  while  was  computed  from  Yu  after  having  found  S. 

In  the  second  case,  that  of  the  locomotive-engine,  the  calculated  volumes  and  dimen- 
sions apply  to  one  only  of  each  of  the  two  equal  pairs  of  main  and  pump  cylinders  ; 
the  gross  consumption  of  coal  is  that  for  the  whole  engine. 

Where  either  the  main  cylinder  or  pump  is  to  be  single  instead  of  double  acting,  in 
order  to  perform  an  equal  amount  of  work  at  the  same  rate  of  revolution  of  the  engine, 
its  volumes  obtained  from  this  table  must  of  course  be  doubled,  or,  if  the  ratio  of  the 
stroke  to  the  diameter  remains  as  before,  these  latter  linear  dimensions  must  be  in- 
creased in  the  proportion  of  V 2 (=  1.26  nearly)  to  1. 

It  will  be  observed  by  a comparison  with  the  results  of  actual  practice,  that,  in  the 
aero-steam  engines  here  illustrated,  there  are  to  a great  extent  combined  both  the 
economy  in  fuel  of  the  fnrnace-gas-air  engine  and  the  compactness  of  the  ordinary  steam- 
engine.  Boilers  for  such  engines  admit  of  being  made  much  smaller  than  those  required 
for  steam-engines  of  the  same  power,  not  only  because  of  the  absence  of  waste  chimney- 
heat,  but  also  because  of  the  greater  facility  for  imparting  heat  to  the  steam  by  the 
direct  injection  of  the  products  of  combustion  into  the  water. 

The  values  of  the  resultant  efficiencies  of  these  aero-steam  engines  that  can  be  prac- 
tically obtained,  will  of  course  be  less  than  those  calculated  by  the  formulas  of  this 
article,  on  account  of  the  fact  that  the  latter  do  not  consider  the  efficiency  of  the  mech- 
anism together  with  such  losses  as  are  caused  by  external  radiation  of  heat,  back 
pressure,  incompetent  expansion,  &c.,  but  in  well-constructed  engines  those  losses  may 
be  so  far  reduced  as  not  to  seriously  affect  the  efficiency — a conclusion  that  receives 
confirmation  by  the  close  approximation  of  the  results  of  Professor  Rankine’s  formulas 
on  steam  and  air  to  the  results  of  actual  practice. 

The  large  loss  arising  from  condensation  in  the  cylinders  of  common  steam-engines, 
which  is  caused  by  the  readiness  with  which  wet  steam  imparts  it-s  heat  to  the  c^dinder- 
walls,  is  almost  Avholly  prevented  in  the  aero-steam  engine.  The  prevention  of  such 
loss  has  been  practically  shown  in  Mr.  Warsop’s  experiments  to  constitute  one  of  the 
great  advantages  in  the  use  of  mixed  air  and  steam.  Regarding  the  condensation  that 
is  liable  to  occur  in  the  latter  part  of  the  expansion  of  the  mixture,  even  when  there 
is  no  loss  of  heat  whatever  by  external  conduction,  it  may  be  further  stated  that  in 
those  cases  wdiere  this  liquefaction  takes  j)lace  at  all,  because  of  the  initial  tempera- 
ture not  being  sufficiently  high  for  the  ratio  of  expansion,  the  liberation  of  latent  heat 
would  theoretically  somewhat  more  than  compensate  the  pressures  and  volumes  of 
the  mixture  for  the  loss  in  weight  of  steam,  and  would  thus  cause  the^ diagrams  as 
calculated  to  be  really  a little  smaller  than  the  actual  ones.  The  curve  of  expansion 
would  be  affected  to  a slight  extent  before  the  first  actual  condensation,  as  steam 
departs  from  the  laws  of  a x)erfect  gas  before  becoming  saturated. 

It  may,  at  first  sight,  appear  strange  that  the  resultant  efficiency  is  thus  directly 
increased  where  this  condensation  occurs,  but  when  it  is  remembered  that  the  latter  is 
brought  about  through  an  increase  of  the  initial  pressure  of  the  mixture  as  compared 
with  its  initial  temperature,  and  that  such  a change  is  advantageous  to  the  efficiency, 
the  fact  may  be  fully  accounted  for.  ‘ 

This  theory  has  beeu  here  preseuted  at  length,  because  it  includes 
the  theory  of  every  modification  of  furnace-gas  engine  in  use  ; and  the 
attention  which  the  subject  is  now  receiving,  and  may  be  expected 
hereafter  to  receive,  from  engineers,  as  one  of  the  most  promising  fields 
of  exploration  and  invention,  give  it  an  importance  to  which  its  partial 
and  restricted  application,  at  the  present  time,  is  not  at  all  commen- 
surate. 

The  Ericsson  hot-air  engine  was  brought  out  by  that  distinguished 
11  MA 
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onfjineer  more  than  twenty  years  a^o,  and  soon  beeamo  quite  well  known 
in  England  and  Germany,  as  well  as  in  the  ITnite<l  States.  Wilcox’s 
engine  came  into  the  market  some  ten  years  afterward.  Mr.  Shaw'  intro* 
dnced  his  engine  and  obtained  a considerable  market  for  it  a little  later. 
This  machine  was  exhibited  at  Paris  in  1S67,  in  successful  comi)etition 
with  the  Laiibereau  engine. 

KiO.  The  Lehmann  enoine. — At  the  Vienna  Exhibition  of  1873,  this 
class  of  motors  was  represented  by  that  of  Lehmann,  ])atented  in  1809. 
In  general  appearance  and  the  arrangement  of  its  mechanism,  it  resem- 
bles somewhat  the  Ericsson  engine.  It  has  no  regenerator.  It  is, 
however,  a machine  of  the  same  class  as  that  of  Stirling,  already 
described. 

A brick  furnace  incloses  about  one-half  of  a long  iron  cylinder,  the 
other  portion  of  which  is  surrounded  by  a water-jacket.  Withiu  this 
cylinder  moves  another,  which  tits  it  so  loosely  as  to  permit  air  to  How 
Ircely  past  it,  as  it  moves  from  one  end  to  the  other.  The  outside  cyl- 
inder is  closed  at  the  furnace-end  and  has  fitted  at  the  other  etui  a pis- 
ton connected  with  a “ vil>raling  lover”  and  crank  shaft,  somewhat  as 
in  the  Ericsson  engine.  The  smaller  cylinder  has  both  ends  closed,  and 
acts  simply  as  a displacing-piston.  When  the  engine  is  in  such  a posi- 
tion that  the  inner  cylinder  is  at  the  outer  end  and  nearest  the  working 
piston,  the  air  contained  within  the  large  cylinder  is  forced  to  the  oppo- 
site end,  and  becomes  healed  by  contact  with  the  surfaces  within  the 
furnace.  Expanding,  it  drives  the  working-piston  to  the  limit  of  its 
throw,  and  at  the  same  time  is,  by  the  movement  of  the  displacing  cyl- 
inder, driven  back  into  the  end  of  the  working-<jylinder  nearest  the 
piston,  where  the  cold  water-jacket  absorbs  its  heat,  and  its  contractmu 
pei  mits  the  piston  to  return  unresisted.  The  air,  flowing  from  the  cold 
to  the  hot  end  of  the  cylinder,  and  rice  rersay  thus  by  transfer  of  heat 
exi»ands  and  contracts,  doing  its  work  quite  effectively.  Pegulation, 
unfortunately,  is  performe<l  by  a hrale,  the  worst  i)ossible  kind  of  regu- 
lation where  economy  is  sought,  since  it  simply  cou verts  excess  of  power 
into  heat,  and  throws  it  away  uselessly. 

It  is  stated  that  during  two  years  a hundred  and  thirty  of  these 
engines  have  been  sold  in  Germany.  No  evidence  was  presented  indi- 
cating its  expenditure  of  fuel,  or  cost  of  maintenance  or  of  repairs. 

IGl.  Gas-engines,  in  which  combustible  gases  are  fired,  and  the  pro- 
ducts of  combustion  used  as  the  wmrking  fluid,  properly  fall  withiu  the 
last-named  class.  They  differ,  usually,  merely  in  the  mode  of  combustion. 
Gas  is  introduced  into  the  working-cylinder  with  the  luoper  proportion 
of  atmo.sjdieiic  air.  The  mixlure  being  fixed,  the  resulting  explosion 
develops  gasiit.der  high  pressure,  and  impels  the  piston.  The  working- 
cylinder  and  the  furnace  are,  therefore,  in  this  case,  identical.  The  dit- 
ficulties  met  in  this  class  of  engines  arc  the  same  as  with  other  furnace- 
gas  engines,  except  that  no  trouble  arises  from  the  introduction  ot  dust. 
The  co.st  of  gas  is  usually  a more  serious  objection,  and  the  high  tern- 
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perature  of  tlie  products  of  combustion  gives  more  serious  trouble  than 
iu  the  other  form. 

Two  forms  of  gas-engine,  constructed  in  Europe,  were  exhibited 
at  Vienna — the  Lenoir  and  that  of  Otto  & Langen.  The  former  was  a 
French,  the  latter  a German,  invention. 

The  Lenoir  gas-engine  was  the  earliest  brought  into  even  limited 
use.  It  was  patented  in  1860,  and  several  hundred 'have  since  been  con- 
structed. In  that  exhibited  at  Vienna,  the  gas  was  fired  by  means  of 
the  spark  of  the  Khumkorff  induction-coil  or  “inductorium.”  The 
action  of  the  machine  is  rendered  quite  smooth,  in  spite  of  the  great 
fluctuation  of  working-pressure,  by  the  use  of  a heavy  fly-wheel.  This 
engine  did  very  good  work,  and  was  used  for  driving  other  machiuery, 
apparently  verj^  satisfactorily.  The  general  form  of  the  engine  was 
that  of  the  ordinary  horizontal  direct-acting  steam-engine.  The  cylin- 
der was  surrounded  by  a water-jacket  to  preserve  the  interior  surface 
smooth  and  to  prevent  destruction  of  the  lubricant.  The  induction  of 
the  mixed  gases  is  produced  by  the  movement  of  the  working-piston, 
the  engine  thus  acting  as  a pump  during  the  early  part  of  the  stroke. 
The  induction-valve  next  closes,  the  spark  passes,  firing  the  imprisoned 
gases,  and  the  piston  is  impelled  by  a pressure  which  is  at  first  very 
considerable,  but  which  drops  rapidly  as  the  products  of  combustion 
cool  by  expansion,  and  as  the  steam,  which  forms  a considerable  pro- 
portion of  the  mass,  condenses  by  contact  with  the  cold  sides  of  the 
cylinder. 

162.  Defects  of  explosive  gas-engines. — This  wide  variation  of  pressure, 
and  this  loss  by  condensation,  make  a serious  reduction  of  the  efficiency 
of  the  gas-engine.  In  an  American  gas  and  air  engine  invented  by 
Mr.  O.  P.  Leavitt,  and  as  constructed  by  him  for  the  late  W.  F.  Stearns, 
the  second  of  these  losses  is  avoided,  with  probably  important  economi- 
cal results,  by  keeping  the  interior  of  the  chambers  iu  which  expan- 
sion occurs  at  so  high  a temperature  that  condensation  cannot  take 
place. 

The  proportion  of  air  and  gas  used  are  intended  to  be  13^  to  1;  but 
it  probably  varies  somewhat. 

163.  Trial  of  the  Lenoir  engine. — Peferrring  to  the  experiments  of 
M.  Tresca  on  the  Lenoir  engine,  M.  Claudel  states: 

“The  velocity  of  the  engine  is  variable. 

“The  failure  to  ignite  a single  charge  will  stop  it. 

“To  start  it,  it  is  necessary  to  give  it  several  revolutions  by  hand. 

“Lubricant  must  be  abundant  and  the  amount  of  oil  cannot  be  esti- 
mated at  less  than  0.5  kilogram  (t.l  pound=lJ  pint)  per  day. 

“To  obtain  the  best  effect,  it  is  necessary  to  produce  ignition  before 
the  complete  closing  of  the  valve.’^ 

A machine  of  0“.24  (9.5  inches)  diameter  of  cylinder  was  very  nearly 
one  horse  power. 

The  water  circulating  through  the  cylinder-jacket  carried  away  0.6  of 
the  total  heat  of  combustion. 
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Those  experiments  were  made  several  years  ajyo,  since  which  time, 
it  is  to  he  irresnmed,  some  increase  of  elVieieney  has  been  effected. 

The  IlUGON  GAS-ENGINE,  in  which  the  gases  are  lired  by  an  iiigon- 
ioiisly-avranged  gas-jet,  and  in  which  the  use  of  a voltaic  battery,  which 
is  always  an  inconvenient  and  unsatisfactory  attachment,  is  avoided, 
was  not  exhibited  at  Vienna. 

lOT.  The  Buayton  gas-engine  (Big.  74)  was  entered  for  exhibition 
in  the  United  States  section,  but  up  to  the  time  of  the  departure  of  tlie 
writer,  at  the  close  of  the  session  of  the  juries,  ha<l  not  appeared.  In 
some  respects  this  is  an  important  improvement  upon  the  preceding 
forms,  and  the  following  description,  written  by  the  writer  before  leav- 
ing the  United  States,  and  after  a brief  but  careful  examination,  indi- 
cates its  construction  and  peculiarities.  It  is  of  interest  also  as  giving 
an  idea  of  the  cost  of  fuel. 

In  construction  this  engine  resembles  the  steam-engine,  its  cylinder 
and  piston,  its  valves,  and  its  connections  being  essentially  similar. 
The  principal  difference  consists  in  the  addition  of  a compressing-pnm]) 
and  a reservoir  for  the  purpose  of  compressing,  and  of  retaining,  a 
quantity  of  combustible  gases,  mixed  with  a proper  ]>roportion  of  air 
tor  its  complete  combustion,  and  at  a pressure  exceeding  that  which  it 
is  proposed  to  have  exerted  in  the  working-(\vlinder.  The  reservoir  lias 
j»recisely  the  same  relation  to  the  engine  as  has  the  steam-boiler  to  the 
steam-engine. 

A jacket  surrounds  the  cylinder,  through  which  water  is  kept  con- 
stantly circulating.  The  comparatively  low  temperature  thus  seenrod 
in  the  walls  of  the  cylimler  allows  of  the  adoi>tion  of  the  same  construc- 
tion of  i)iston,  with  metallic  packing-rings,  which  has  become  standard 
in  steam-engines.  It  also  permits  the  use  of  the  same  methods  of  lubri- 
cation. 

A diaidiragm  composed  of  several  layers  of  wire-gauze,  similar  to  that 
which  gives  the  Davy  safety -lamp  its  security,  is  placed  at  the  openings 
throngli  which  the  gaseous  mixture  enters  the  cylinder.  This  is  of  more 
closely  woven  material  than  that  used  in  the  safety-lamj),  and  is  in 
.several  thicknesses  instead  of  but  one.  It  is  probably  an  effective  pre. 
ventive  of  ignition  of  the  mass  of  the  gas  inclosed  in  the  reservoir.  A 
siniilardiaphragm,  but  of  much  smaller  area,  allows  a very  small  quantity 
of  gas  to  stream  continually  into  the  cylinder,  and  as  this  current  is  not 
interrutited  by  the  closing  of  the  induction-valve,  its  little  jet  burns  con- 
stantly and  is  always  ready  to  ignite  an  entering  charge. 

Should  a flame,  by  any  accident,  reach  tlie  reservoir,  the  expansion  of 
the  confined  gjvs  in  consequence  of  its  explosion  simply  opens  tUesalety* 
valve,  which  is  given  considerable  area,  and  no  harm  is  done. 

Where  liquid  hydro-carbons  are  used  in  place  of  gaseous  fuel  the 
re.servoir  is  filled  with  air,  and  carburization  takes  place  between  the 
reservoir  and  the  working-cylinder. 


Frr.,  81. — Grynne’s  centrifncral  pnrnp  anrl  enjjine. 
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The  iiiductioD-valve  is  protected  from  the  actiou  of  the  hot  gases  by 
the  safety-diaphragm,  which  is  interposed  between  it  and  the  cylinder. 
The  ediictiou-valve  is  unprotected,  and  to  avoid  serious  injury  it  is 
made  of  well- fitted  steel. 

The  operation  of  the  engine  is  precisely  similar,  in  the  action  of  the 
engine  proper  and  in  the  distribution  of  pressures,  to  that  of  the  steam- 
engine.  The  action  of  the  impelling-fluid  is  not  explosive,  as  it  is  in 
every  other  form  of  gas-engine  of  which  I have  knowledge.  Upon  the 
opening  of  the  induction-valve,  the  mixed  gases  enter,  steadily  burning 
as  they  flow  into  the  cylinder,  and  the  pressure,  from  the  commencement 
of  the  stroke  to  th^  point  of  cut-ofi‘,  as  is  shown  by  the  indicator -dia- 
grams, is  as  uTiiform  as  that  observed  in  any  steam-cylinder.  The 
maximum  pressure  exerted  during  the  experimental  trial,  and  while  the 
engine  was  doing  somewhat  more  than  its  full  rated  power,  was  about 
75  pounds  per  square  inch  at  the  beginning  of  the  stroke,  gradually 
diminishing  to  66  pounds  at  the  point  of  cut-ofif,  where  the  speed  was 
nearly  a maximum,  and  thence  declining,  in  accordance  with  the  law 
governing  the  expansion  of  gases. 

Complete  combustion  is  insured  by  thorough  mixture.  This  is  accom- 
plished by  taking  the  illuminating-gas  and  the  air,  in  proper  proportions, 
into  the  compressing-pump  together,  and  the  mixture  here  made  becomes 
more  intimate  in  the  reservoir  and  in  its  progress  toward  the  point  at 
which  it  does  its  work.  « 

165.  Trial  of  the  Brayton  engine. — The  results  of  the  trial  were  thus 
stated : 

The  engine  rated  at  5 horse-power  developed,  as  a maximum,  rather 
more  than  its  rated  power.  Its  mean  power  during  the  test,  as  deter- 
mined by  the  d;\  namometer,  was  3.986  horse  power,  the  indicator  show- 
ing at  that  time  8.62  horse-power  developed  in  the  cylinder. 

The  amount  ol  gas  consumed  averaged  32.06  cubic  feet  per  dynamomet- 
rical horse  power  per  hour. 

The  excess  of  indicated  over  dynamometrical  horse  power  is  to  be 
attributed  to  the  work  of  driving  the  compressing-pump  and  to  the 
friction  of  the  machine.  The  greater  portion  of  this  appears  both  on  the 
debit  and  credit  sides  of  the  account,  since,  although  expended  in  the 
compressing-pump,  it  is  restored  again  in  the  driving-cylinder. 

166.  Description  of  figures— Bray  toil's  engine.— Yig.  74  represents  a*siu- 
gle-acting  engine  of  this  class. 

In  the  sectional  view  of  the  working-cylinder,  (Fig.  75,)  A is  the  cyl- 
inder, surrounded  by  a water-jacket  to  prevent  overheating,  and  fitted 
with  a piston.  As  this  is  exposed  to  the  direct  actiou  of  the  ignited  gases, 
it  is  protected  by  a separate  plate  of  cast-iron,  with  a layer  of  asbestos  in- 
tervening. 

The  upper  end. of  the  cylinder,  used  as  a condeusing-pump,  is  supplied 
with  an  induction-valve,  «,  and  an  eduction-valve,  b.  It  is  obvious  that 
at  each  down-stroke  of  the  piston  the  cylinder  will  be  filled  with  the 
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jjaseous  compound  tlirongli  tlio  valve  and  upon  tlie  up-stroke  the  same 
ehar‘’e  will  be  forced  through  the  valve  h into  a reservoir. 

At  the  bottom  of  the  c.vliiider,  and  below  the  range  of  the  down-stroke 
oi’  the  piston,  is  formed  a chamber,  in  which  are  placed  two  oi  three  dia- 


Fig.  75. — Section  of  Braytoifs  gas-engine  cylinder.  • 

phragms  of  fine  gauze-wire,  KK,  kept  in  position  by  two  outside  plates 
which  are  perforated.  This  partition  is  called  the  intercepter,  because 
it  serves  to  guard  the  i)assage  leading  from  the  reservoir,  and  prevents 
the  tiame  from  communicating  therewith.  The  partition  is  so  located 
that  all  gases  consumed  in  the  engine  must  pass  through  it;  a screw-valve, 
when  open  allows  the  gaseous  compound  to  fiow  through  the  pipe 
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!S  to  the  valve-chest,  which  is  similar  to  that  of  the  steam-engine.  The 
induction-valve  a is  opened  for  every  up-stroke  of  the  piston  by  means 
of  a cam  on  a rock-shaft,  thus  admitting  the  compressed  gases  through 
the  iutercepter  to  the  cylinder.  As  previously  indicated,  the  gaseous 
compound  is  applied  to  drive  the  engine  while  it  is  undergoing  expan- 
sion after  ignition.  It  is,  therefore,  necessary  to  provide  for  maintain- 
ing a constant  flame  upon  the  surface  of  the  iutercepter.  For  this  pur- 
l)ose  a small  aperture  is  made  through  the  wall  of  the  valve-seat,  the 
area  of  which  is  regulated  by  means  of  the  pointed  screw  r. 

The  most  economical  performance  of  a gas-engine  previously  recorded, 
so  far  as  the  writer  is  aware,  is  that  of  the  Otto  & Langen  engine,  exhib- 
ited at  Paris  in  18G7.*  This  engine  was  reported  by  Prof.  Karl  Jenny,  of 
Vienna,  to  have  coiisamed  38.10  cubic  feet  of  gas  per  horse  power  per 
hour. 

The  best  performance  claimed  for  the,  Lenoir  and  Hugoii  engines  is  70 
and  74  cubic  feet,  respectively.  M.  Tresca  reported  from  the  Conserva- 
torie  des  Arts  et  Metiers^  Paris,  a consumption  of  95.28  cubic  feet. 

167.  Conclusions  from  results  of  trials  of  the  Brayton  engine. — The 
conclusions  based  on  the  results  of  the  trial  of  the  American  gas-engine 
just  described  were: 

1st.  That  the  method  of  utilizing  the  power  obtainable  from  the  com- 
bustion of  gas  as  here  adopted  is,  so  far  as  the  writer  is  aware,  quite 
new,  and  is  most  advantageous  in  its  results. 

2d.  That  in  this  engine  combustion  is  proven  by  the  application  of 
the  indicator  not  to  be  explosive,  but  to  occur  in  a progressive  manner, 
developing  a very  uniform  pressure,  never  equalling  that  in  the  reser- 
voir, and  varybig  in  the  driving-cylinder  precisely  as  does  steam-press- 
ure in  the  cylinder  of  the  steam-engine. 

3d.  That  this  method  of  utilizing  gas-power  is  an  exceptionally  eco- 
nomical one. 

4th.  The  liability  of  explosion  within  the  reservoir,  as  well  as  of  any 
danger  arising  from  such  explosion,  should  it  ever  occur,  is  very  care- 
fully provided  against. 

5th.  That  the  interior  surface  of  the  cylinder  presented  no  evidence 
of  overheating,  or  of  injury  from  any  cause,  at  the  termination  of  the 
experiments. 

6th.  The  same  remark  applies  to  the  safety-fuses  or  diaphragms. 

7th.  The  valve-gear  of  this  engine,  with  its  variable  cut-off,  is  an 
effective  and  valuable  feature. 

8th.  That  the. mechanism  and  general  desigu  of  the  later  style  of 
this  engine  are  excellent. 

168.  Advantages  of  non-explosive  gas-engines. — The  advan. 
tages  claimed  for  this  class  of  engines  are  well  stated  in  an  opinion  of  the 
late  Charles  M.  Keller,  after  an  examinatiou  of  the  Brayton  gas-engine: 

* See  the  very  complete  aud  valuable  report  of  Dr.  F.  A.  P.  Barnard  ou  machinery 
and  processes.  . * 
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‘‘Tliis  j^as  engine  will  occupy  about  tbesanio  s'^iace  as  a steain  ongine 
otccpial  power,  and  hence  will  save  all  the  space  recjuired  tor  the  boiler 
and  its  connections  with  the  engine,  which  is  much  greater  than  the 
space  occupied  by  the  engine  alone.  It  avoids  all  the  risk,  attending  the 
use  of  the  steam-engiue,  such  as  tires  and  explosions.  * # * 

“ This  engine  saves  the  exi)ense  of  an  engineer,  as  there  is  no  boiler. 
* * * And  what  is  of  great  importance  in  the  (piestion  of 

economy,  is  the  fact  that  it  saves  all  the  time  and  fuel  required  in  the 
use  of  a steam-engine  to  get  up  steam.’^ 

To  the  above  it  may  be  added  that  the  gas-engine  is  always  ready 
for  work,  and  stopping  and  starting,  however  often, involve  no  additional 
expense.  They  make  no  ashes,  and  are  therefore  cleanly  and  conven- 
ient in  use.  They  are  not,  in  any  example  yet  produced,  however, 
eqnall}’ economical  in  cost  of  fuel  with  the  hot-air  or  the  steam  engine, 
and  are,  therefore,  not  likely  to  be  introduced  with  the  rapidity  which 
might  be  exi)ected,  were  this  point  also  in  their  favor.  There  are  very 
many  situations,  however,  in  which  they  may  be  used  where  the  use  of 
the  other  heat-engines  is  entirely  inadmissible,  and  quite  a large  market 
is  o]u»n  to  them. 

Tlie  adoi)tion  of  the  vapor  of  petroleum  and  of  the  naphthas  as  a coin- 
biistible,  in  place  of  illuminating-gas,  which  has  also  been  successful  y 
accomplished  by  the  inventor  of  this  engine,  is  a very  important  step 
in  the  direction  of  economy  of  cost  of  fuel,  and  makes  it  more  certain 
that  this  or  some  similar  form  of  gas-engine  will  find  a wide  range  of 
application. 

100.  The  Otto  & Langkn  gas-engine. — Several  of  the  engines  of 
Otto  4S:  Langen  above  referred  to  were  exhibited  at  Vienna.  In  these 
machines,  the  exi)losion  of  the  gaseous  mixture  nhoois  the  heavy  piston 
and  its  attachments  upward.  When  at  the  upper  limit  of  its  range,  it 
is  caught  by  a pawl,  and  its  weight,  while  descending,  turns  the  driv- 
ing-shaft. The  charge  is  tired  by  the  electric  spark.  The  machine  is 
compact  and  works  with  great  economy,  but  is  rattling  and  very  noisy, 
and  it  therefore  impresses  the  professional  observer,  at  least,  as  being 
nnmechanical  in  design,  and  as  likely  to  be  expensive  in  repairs.  It  is 
claimed,  however,  to  be  a durable,  as  well  as  in  other  resj)ects  a satis 
factory,  motor,  and  it  is  stated  that  a considerable  demand  has  arisen 


for  them.* 

170.  Trial  of  the  Otto  cC*  Langen  engine. — In  a note  on  the  gas-engine 
of  Messrs.  Otto  Langen,  and  an  account  of  exi»eriments  made  on 
an  engine  of  this  kind,  by  M.Tresca,  member  of  the  council,  which  was 
I)ublished  in  the  Bulletin  de  la  Societe  (V Encouragement  iwur  Vlndustrie 
Nationalef  he  reiwrts  in  substance  as  follows: 

The  gas  engine  of  MM.  Otto  & Langen,  which  was  in  operation  at 
the  Exposition  of  1807,  was  at  the  time  the  subject  of  numerous  experi. 
nients.  The  report  of  those  made  by  us  is  found  in  the  Annales  du  Con- 


"See  Verhaudhiuyeu  dCs  Vcreiiis  fur  Gewerbfleiss  in  Preiisseu,  1868. 
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servatoirej  aud  in  the  Memoires  of  the  Technical  Society  of  Hanover. 
It  there  appears  that  the  consumption  per  horse-power  and  per  hour  is 
reduced  by  the  new  arrau^^ement  to  about  1,250  liters  (4G  cubic  feet)  of 
gas,  ?.  c.,  one-half  less  than  that  of  similar  engines  constructed  in 
France  for  some  time  past. 

The  diagrams  taken  from  these  engines  exhibit  the  causes  of  this  impor- 
tant improvement.  In  the  atmospheric  engine  of  MM.  Otto  & Langeu, 
the  stroke  of  the  piston  is  variable,  and  this  piston  ceases  to  rise  at  the 
precise  moment  when  the  internal  pressure  ceases  to  be  greater  than 
the  pressure  of  the  atmosphere.  In  double-acting  engines,  on  the  con- 
trary, it  happens  very  frequently  that  toward  the  end  of  the  stroke  the 
Internal  pressure  becomes  considerably  lower  by  the  condensation  result- 
ing from  the  combination  of  the  oxygen  and  the  hydrogen,  and  that  an 
expenditure  of  power  is  required  to  overcome  the  difference  between  the 
internal  and  external  pressures  during  the  latter  portion  of  the  stroke  of 
the  piston. 

This  negative  work,  which  must  be  subtracted  from  the  work  devel- 
oped during  the  period  of  expansion,  exercises  a visible  influence;  and 
the  suppression  of  this  cause  of  enfeebled  action  must  uecessarih'  be 
synonymous  with  an  increase  of  useful  effect. 

An  excellent  work  by  M.  Schmidt,  the  engineer  of  the  Parisian  com- 
pan3",*  exhibits  these  advantages,  and  the  company'  has  for  several 
3’ears  past  been  building  engines  of  this  kind  for  less  than  one  horse- 
power. 

M.  Tresca  availed  himself  of  the  first  opportunity^  to  institute  regu- 
lar tests  with  the  engines  purchased  by  M.  Hardy  tor  his  shops,  and  vve 
shall  hereafter  give  the  results  obtained  in  this  way  at  the  beginning 
of  1870. 


171.  The  engine  experimented  with  was  numbered  69,  and  its  princi- 


pal dimensions  were : 

Meter. 

Diameter  of  piston 0.  222 

Maximum  stroke  of  piston 1.  052 

Diameter  of  water-jacket 0.  400 

Height  of  water-jacket 0.  965 


It  is  evident  that  the  engine  has  very  large  dimensions  compared  with 
the  work  produced  ; but  it  economizes,  on  the  other  hand,  the  ordinary^ 
space  of  the  boiler,  which  commonly  takes  up  more  room  than  the  inov- 
ng  parts. 

The  following  are  the  results  of  the  different  experiments  which  he 
was  able  to  make. 


First  Experiment^  March  27,  1870. — Pressure  of  gas,  30.5  millimeters. 
Duration  of  experiment,  4 hours. 

IS’umber  of  revolutions  during  this  time,  20,563. 


* See  Annnaire  de  la  Societd  des  auciens  dleves  des  Ecoles  d’arts  et  uidtiers  ; 18G7  ; XX® 
auDee  ; p.  231. 
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Longtli  of  arm  of  brake,  0"\75. 

Weight  at  extremity  of  arm,  10  kilograms. 


T= 


()LkS  X 0.75  X 10  x205GB 


=0.80G  horse-power. 


4xBG00x75 

Consumi)tioii  of  gas  daring  the  four  hours  of  the  experiment,  4070 
liters;  or,  per  hour,  1017.5  liters. 

Consumption  per  horse-power  and  per  hour,  = 1135.G  liters, 

’ 0.80G  ’ 

(30.4  cubic  teet.) 

In  the  following  experiiiients,  we  estimate  tlie  consumption  of  gas  by 
the  burners  at  GO  liters  i)er  hour,  which  reduces  the  consumption  cor- 
responding to  the  work  produced  to  1'".175 — 0“'.0G0  =0'“.0575. 

If  wo  estimate  the  heat  disengaged  by  the  combustion  of  each  cubic 
meter  of  gas  at  GOOO  calories,  we  perceive  that  total  heat  of  combustion 
would  be  0.0575  XGOOO=5745  calories. 

We  find  in  the  water  surrounding  the  cylinder  of  the  engine  an  amount 
of  heat  represented  by  104S.8  calories  per  hour.  This  amount  of  beat 
was  determined  by  the  rise  of  temperature  of  110  liters  of  water  from 
^ 23^  to 04^,  or41o  in  4 hours  18  minutes;  total,  1 10 x 11=4510  calories,  and 
in  one  hour  1018.8  calories,  lly  comparison  with  the  amount ex])euded, 
we  find  that  the  water  carries  off  the  fifth  i)art  of  the  amount  pro- 
duced by  combustion,  in  fact,  the  proportion  would  be  much  greater 
if  wo  took  into  account  the  loss  occasioned  by  the  cooling  of  the  water- 
jacket. 

Viewed  with  reference  to  the  mechanical  equivalent  of  heat,  the  total 
expenditure  of  5745  calories,  for  a work  of  0.89G  horse-power,  represent- 
ing during  one  hour  270,000  x 0.89G,  wo  have  for  each  calorie  a useful 
work  of 

270000  V 0.80G 


5745 


= 42.1  kilogram-meters. 


To  vary  the  velocity  of  the  engine,  a small  cock  is  opened  and  closed 
so  as  to  increase  or  diminish  the  flow  of  the  gas;  the  discribution  re- 
maining the  same,  the  proportions  of  the  explosive  mixture  vary  ac- 
cording to  the  oi>eniiig  of  the  8U])ply-cock. 

The  engine  is  regulated  so  that,  at  each  revolution,  a volume  of  air 


and  of  gas  is  introduced,  which  is  represented  by  0.145  x 


5.G1  liters; 


where  0®.145  is  the  distance  from  the  bottom  of  the  cylinder  to  the 
lower  part  of  the  i)iston  at  the  moment  when  the  supply  is  cut  off. 

During  the  four  hours  of  the  experiment,  thegas-meter  iudicateda  total 
consumption  of  4070  liters,  including  that  consumed  by  the  burners; 

thereremaiiis,  there  fore,  for  the  consumption  of  the  machine  4070 — (GO  x 1^) 

= 3830  liters.  The  total  number  of  revolutions  of  the  engine  being 


3830 


20,.5G3,  the  volume  of  gas  used  per  turn  will  be  =0.18G2  liters. 
The  total  volume  of  the  mixture  of  air  and  gas  being  5.G1  liters,  it  is 
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5.61 


easy  to  (letermine  the  proportion  of  air,  equivalent  to  — ‘g---  = 30.12  times 


the  s^olume  of  the  gas. 

* 172.  Second  experiment^  April  3, 1870. — Pressure  of  gas,  36.00™“.;  deter- 
inination  of  the  work  of  the  engine  per  miuute : 

Duration  of  the  experiment,  1 hour,  or  3600'^ 
dumber  of  revolutions  during  this  time,  4,917. 

Arm  of  brake,  0™.75. 

Weight  of  the  extremity  of  arm,  10  kilograms. 


T = 


6.28  X 0.75  X 10  X 4917 
3600  X 75 


= 0.857  horse-power. 


Consumption  in  1 hour,  1085  liters. 

Consumption  per  horse-power  and  per  hour,  = 12ZG  liters,  (44 
cubic  feet.) 

In  this  experiment,  the  amount  of  gas  used  by  the  burners  was  di- 
rectly determined  during  the  experiment  bj'  employing  a special  meter. 
The  consumption  was  as  high  as  65  liters  an  hour. 

The  amount  of  heat  expended  is  6000  x 1.020  = 6120  calories. 

The  amount  of  heat  found  in  the  Avater  being  963.7  calories,  determined 
by  the  rise  of  temperature  of  107  liters  of  water  from  33  to  - 2 degrees, 
or  9 degrees  in  an  hour,  the  ratio  of  the  amount  of  heat  expended  to  the 

amount  absorbed  = 6.3. 

963 

« 

The  work  of  one  calorie  is  represented  by  the  ratio 


270000  X 0.857 
6120 


= 37.8 


The  proportion  of  air  is  less  than  in  the  first  experiment;  the  volume 
of  gas  is  1020  liters,  the  number  of  revolutions  4917  ; which  gives 
1 0*^0 

= 0.207  liters  of  gas  per  revolution.  The  volume  of  air  and  gas 

4917 

being  always  5.61  liters,  the  proportion  of  the  mixture  represented  by 
5.61 


0.207 


= 27.10 


173.  Third  experiment^  April  3,  1870. — Presence  of  gas,  36.00  millime- 
ters. 

Determination  of  the  work  of  the  engine  per  second: 

Duration  of  the  experiment,  30  minutes,  or  1,800'C 
Number  of  revolutions  during  the  time,  2,446. 

Arm  of  the  brake,  0™.75. 

Weight  at  the  extremity  of  the  lever,  5 kilograms. 


T = 


6.28  X 0.7o  X 5 X 2,446  a aop  i 

= ^ — = 0.426  horse-power. 

1,800  X 75  ^ 


Consumption  during  30  minutes,  280  liters,  or  560  liters  per  hour. 

560 
0.426 


Consumption  per  horse-power  and  per  hour  = 1314.5  liters,  (45J 
cubic  feet.) 
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Ill  this  experiment,  the  amount  of  heal;  expended  is  GOOD  x 0.50G  = 
303G  calories ; the  heat  absorbed  by  the  water  being  321  calories  per 
hour,  determined  by  the  rise  of  temperature  of  107  liters  of  water  from 
470  to  480.5,  or  10.5  in  thirty  minutes  5 the  rates  of  the  heat  expended 

to  the  heat  absorbed  is  = 9.4. 

o^L  ^ 

The  work  of  one  calorie  is  represented  by  = 37.5  kilo* 

305G 


gram -meters. 

To  determine  the  proportion  of  air  and  gas  in  the  explosive  mixture, 
we  have  the  following  elements:  253  liters  of  gas  for  2,44G  revolutions 


of  the  engine,  or 


253 

244G 


= 0.103  liter  of  gas  per  revolution. 


Since  the 


total  volume  of  the  mixture  is  always  5.G1  liters,  the  proportion  of  the 


mixture  will  be  represented  by  the  ratio  of 


5.G1 

0.103 


54.4G. 


171.  Fourth  experiment^  April  3,  1870. 

Determination  of  the  work  of  the  engine  per  second  : 
Duration  of  the  experiment,  30  minutes,  or  1,800". 
Number  of  revolutions  during  this  time,  2,399. 

Arm  of  the  brake,  0'".75. 

Weight  placed  at  the  extremity  of  the  arm,  5 kilograms. 


rj,  _ G.28  X 0.75  X 5 x 2399 
“ 1800  x 75 


= 0.418  horse-power. 


Consumption  during  .30  minutes,  280  liters,  or  5G0  liters  per  hour. 


Consumption  per  horse-power  and  per  hour—  * = 1339.7  liters,  (46 

0.41 8 


cubic  feet.) 

Heat  expended,  GOOO  x 0.,3088  =.30.52.8  calories. 

The  amount  of  heat  taken  up  by  the  water  was  not  determined. 
The  work  of  one  calorie  is  represented  by — 


270000  X 0.418 
3052.8 


= 3G.9G  kilogram-meters. 


The  proportion  of  air  and  of  gas  in  the  explosive  mixture  is  deter- 
mined by  the  following  elements:  280  liters  of  gas  for  2,399  revolutions 

of  the  engine,  or  — = O.llG  liter  of  gas  per  revolution.  The  propor- 

2399 

tion  of  the  mixture  is  exhibited  by  the  ratio  = 48.3G.^^ 

O.llG 

175.  RcHultH  of  trial  of  the  Otto  tO  Langen  gas  engine. — We  will  collect 
these  results  in  the  following  table: 
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General  tdhle  of  results. 


Dates  of  the  experiments. 

Numbers  of  the  ox- 

pei'imeuts. 

Duration  of  experi- 

ments. 

Velocity  of  the  ma- 

ebiue  per  minute. 

Work  developed. 

Con.suraption  per 

horse-power  and 

per  hour. 

Katio  of  the  heat  de- 

veloped to  the  heat 
lost. 

Work  produced  per 

calorie  expended. 

Proportion  of  gas  in 

100  volumes  of  ex- 

plosive mixture. 

Revolu- 

Horse- 

• 

h.  m. 

Hons. 

power. 

GaVons. 

March  27,  1870  

1 

4 00 

85.  67 

0.  896 

249.  945 

5.4 

42.1 

3.  31 

April  3,  1870  

2 

1 00 

81.95 

0.  857 

278.  646 

6.3 

37.8 

3.  68 

April  3,  1870  

3 

30 

81.  53 

0.  426 

289.  321 

9.4 

37.8 

1.83 

April  3,  1870  

4 

30 

79.  96 

0.418 

294.  867 

36.96 

2.  06 

Mean 

278.  184 

EXPERIMENTS 

OF  SHORT  DURATION  MADE  LATER 

BY  M.  HARDY. 

April—,  1870 

1 

15 

76.  6 

0.  80 

286.  120 

April— i 1870 

2 

15 

58.  7 

0.  74 

226.  042 

April  — , 1870 

3 

15 

65.  9 

0.  69 

255.  095 

Note. — The  kilogram  = 2. 205  pounds  avoirdupois;  the  meter  — 3.  281  feet  = 39.  372  inches;  the 
liter  = 61.0165  cubic  inches  = .0353  cubic  feet  = .264  gals.=  1.05  qts. ; the  calorie  i.s  the  quantity  of  heat 
required  to  raise  one  kilogram  of  water  one  centigrade  degree  in  temperature  ; the  horse-povrer  = 
75  kilogram-meters  per  second,  or  542i  foot-pounds,  equivalent  to  32, 549  foot-pounds  per  minute.  — R.H.P. 


“It  results  from  this  table  that  the  eugiue,^^’o.G9,bns  never  developed 
one  horse-power;  that  the  consumption  of  gas  has  never  reached  1,350 
liters  per  horse  power  and  per  hour,*  even  when  the  proportion  of  gas  in 
the  explosive  mixture  was  limited  to  2 per  cent,  of  the  total  volume  ; 
finally,  that  the  utilization  is  still  greater  for  a lower  velocity,  which 
would  lead  to  the  conclusion  that  the  most  favorable  conditions  corre- 
spond to  60  revolutions  per  minute. 

Since  the  engine  was  put  up,  it  has  always  worked  well,  and  we  may 
consider  the  reduction  of  the  consumption  of  gas  in  atmospheric  en- 
gines to  one-half  of  what  it  formerly  was,  as  a fact  definitely  accom- 
])lished  b}^  the  invention  of  Otto  & Langen.  Many  of  the  lesser  indus- 
tries may  henceforward  avail  themselves  economically  and  satisfactorily 
of  these  engines  to  within  the  limit  of  f horse  power,  especially  if  the 
loss  of  water  can  be  diminished  by  a well-conducted  circulation,  as  in- 
deed everything  leads  us  to  expect  that  it  can.  It  would  be  very 
desirable  if  the  noise  made  by  the  engine  at  every  stroke  could  be 
lessened. 

The  above  records  of  the  experiments  of  M.  Tresca  are  the  best  which 
have  come  into  the  hands  of  the  writer,  and  the  conclusions  given  are 
entitled  to  great  weight  as  the  opinions  of  one  of  the  leading  European 
authorities. 

176.  Source  of  the  economy  of  the  Otto  (fi  Langen  engine.— T\\Q)  excep- 
tional economy  of  fuel  claimed,  with  probable  justice,  for  this  machine 
is,  in  the  opinion  of  the  writer,  its  only  special  recommendation.  This 


* Equivalent  to  47.655  cubic  feet  i)er  horse-power  per  hour. — E.  H.  T. 
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is  probably  due  principally  to  the  extreme  rapidity  with  which  the  piston 
is  projected  u})ward  at  each  explosion  of  ;?as,  the  work  oi‘  expansion 
being  thus  utilized  before  suflicient  time  has  elapsed  for  any  serious 
amount  of  condensation  to  occur  by  contact  with  cold  surfaces,  or  for 
any  considerable  cooling  of  the  mass  of  the  permanently  gaseous  pro- 
ducts of  combustion.  High  i)istoii-wspeed  is  evidently  a condition  of 
economy  with  the  gas-engine,  as  well  as  with  the  steam-engine,  or 
wherev'cr  the  expanding  fluid  is  inclosed  within  a comparatively  cool 
chamber  or  within  one  having  walls  of  a material  wliich  is  a good  con-* 
ductor  of  heat.  Avoiding  this  loss  by  condensation  within  the  working- 
cylinder,  the  etliciency  of  the  gas-engine  will  be  proportionably  increased 
above  0.4  of  that  due  the  total  heat  of  combustion. 

177.  Kankine  on  gas-engines.— In  referring  to  gas-engines,  Rankine 
gives  the  following  as  the  theoretical  treatment:  Where  j9o=  atmospheric 
l)resaure,  pi=  pressure  above  vacuum,  immediately  after  explosion,  ^2= 
the  final  pressure  imnisured  from  the  same  point,  2)o=»ican  pressure 
effective,  r=the  ratio  of  explosion,  11=  the  available  heat  of  explosion 
per  cubic  foot  of  the  explosive  mixture,  W=  the  indicated  work  per 
cubic  foot,  and  Wi=the.  work  at  maximum  efliciency. 

Then  if />]  = 5 atmospheres  = 10,580  pounds  per  foot,  IIi  = 2.5  (2)1  —po) 
= 21,100  = about  3 total  heat  of  exidosion,  2h  = pi  rj,  nearly. 

W = 2.5  (/>!  — 2h)  — 3.5  (r  — 1 ) jh  + — {p-i  — po) 

W 

W 1 = 2.5  (p,  — p„)  — 3.5  {r  — 1)  po. 

The  theory  of  the  gas-engine  is  as  sinifde  as  that  of  any  other  heat- 
engine;  but  it  is  evident  that  the  determination  of  constants  and  the 
collection  of  data  are  exceptionally  diflicult. 


CHAPTER  VIII. 


HYDRAULIC  MOTORS. 

Water-power  and  ste.vm-power  compared  ; Characteristics  of  hydraulic 
motors;  The  turbine  water-wheel;  Efficiency;  Cost;  The  Capron  Water- 
wheel ; Gwynne  & Co.’s  Girard  turbine  ; Rieter  & Co.’s  Jonval  wheels  ; 
Roy  & Co.’s  wheels  with  free-discharge  ; Colladon’s  “ floating  wheel  ;” 
Straub’s  vertical  wheels  ; Nagel  *&  Kaemp’s  Fourneyron  “ partial  tur- 
bines;” Their  arrangement;  Estimates  of  their  efficiency  and  power; 
Thime’s  Fourneyron-Jonval  wheel;  Principles  of  construction  of  water- 
wheels. 

178.  Water  and  steam-power  compared. — The  hydraulic  motors 
form  a class  of  jirime  movers  which  had  ouce  far  greater  range  of  appli- 
cation than  since  they  have  been  so  extensively  superseded  by  steam- 
engines.  They  still  remain,  however,  second  only  in  importance,  as  a 
class,  to  the  heat  engines. 

Formerly,  when  steam-engines  of  even  the  best  construction  consumed 
ten  iiounds  of  coal  or  more  per  horse-power  per  hour,  w^hen  the  cost  of 
manufacture  was  vastly  greater  than  to-day,  and  when  transportation 
and  repairs  were  matters  of  vastly  greater  expense  than  now,  water- 
power was  so  much  less  expensive  that  the  location  of  mills. and  manu- 
factories was  determined  by  the  availability  of  mill-privileges,  rather 
than  by  proximity  either  to  the  source  of  supplies  or  to  the  market. 

This  is  now  all  changed;  steam-engines  of  the  best  construction,  and 
of  moderate  power,  maybe  obtained  with  a guarantee  of  an  expenditure 
of  not  exceeding  2J  pounds  of  coal  per  horse-power  per  hour,  and  cost 
of  maintenance  has  become  comparatively  slight.  The  usual  dominant 
consideration  in  locating  any  manufacturing  establishment  is,  conse- 
quentl3%  proximity  to  the  market  and  convenience  of  transportation.* 

Tlie  cost  of  the  water-power  equipnieut  at  Lowell  was,  for  canals  and  dams,  filOO, 
and  for  wheels,  &c.,  another  $100,  per  horse-power.  But  this,  as  a lirst  ex^ieriment, 
was  more  costly  than  a similar  equipment  need  be.  At  Saco  the  expense  incurred  was 
$175  per  horse-power;  hut  at  a later  period,  for  turbines  with  hitjh  heads,  the  expense 
would  he  less.  A construction  and  equipment,  solidly  carried  out,  with  the  latest  im- 
provement iu  wheels,  would  not  cost  over  $200  per  horse-iiower,  and  would,  under 
favorable  circumstances,  cost  less.  An  estimate  at  Penobscot  was  for  $112.50  per  horse- 
power. If  the  construction  be  with  wooden  dams,  and  the  equipment  w ith  lower-grade 
wheels,  then  the  cost  wmuld  be  about  $50  per  horse-power  ; and  although  the  construc- 
tion would  be  less  permanent  than  the  more  solid,  it  would  outlast  any  steam-appara 
tu.s.  On  the  other  hand,  Fall  River  estimates  of  steam-equipment,  exclusive  of  founda- 
tions and  engine-houses,  run  from  $100  to  $115  per  horse-power.  A Boston  authority 
gives  $115  per  horse-power  for  nominal  300  horse-power  and  upward,  iuclusive  of 
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It  thus  happens  that  now  only  such  privileges  are  sought  along  the 
banks  of  streams  as  fulfil  this  primary  lOiiuisite,  and  large  establish, 
lueuts  are  erected  where,  a few  years  ago,  sharp  competition  by  water- 
supplied  localities  forbade  apparently  a hope  of  success.  It  is  this 
change  which  has  built  up  such  a wonderful  cluster  of  great  mills  at  Fall 
Itiver,  Mass.,  in  spite  of  the  rivalry  of  their  long-established  and  well- 
known  competitors  along  the  Blackstone  and  Alerrimac  Rivers. 

179.  Hydraulic  motors.— It  has  by  no  means  followed,  as  a conse- 
quence of  the  improvement  of  the  steam-engine,  that  the  water-wheel 
has  been  driven  out  of  use.  On  the  contrary,  the  latter  has  been  vastly 
improved,  especially  in  the  United  States,  where  the  opening  of  the 
immense  fields  of  the  West  and  the  growth  of  manufactures  have  caused 
the  utilization  of  thous:uuls  of  the  best-located  mill  sites  along  the 
many  rivers  and  streams  which  intersect  that  part  of  our  country.  To 
supjdy  that  market,  hydraulic  motors  have  been  demanded  of  which  the 
requisites  were  primarily  chea])ness  of  first  cost  and  repairs,  and 
secondly,  economy  in  consumption  of  water.  But  the  second  quality 
is,  to  a certain  degree,  associated  with  the  first,  since,  where  a given 
amount  of  water  is  available  under  a fixed  head,  a smaller  and,  other 
things  being  equal,  a cheaper  wheel  can  be  put  in  to  utilize  that  fall 
where  great  economy  is  secured  than  where  the  wheel  chosen  has  a low 
enicieiicy.  In  the  United  States,  where  capital  is  far  less  concentrated 
than  in  Europe,  and  where  it  is  worth  something  more  than  7 per  cent., 
these  considerations  have  greater  weight  than  there,  where  manufac- 
turers are  more  frequently  wealthy,  and  where  the  rate  of  interest  on 
capital  is  but  little  more  than  one-half  as  great,  while  the  fuel  for  steam- 
engines  is  more  expensive  also,  and  water-power  less  available,  than  in 
the  United  States. 

The  efforts  of  American  inventors  and  of  manufacturers  have  been 
long  and  earnestly  directed  to  the  cheapening  of  this  class  of  motors,  as 
well  as  to  the  increase  of  their  efiiciency,  and  their  success  has  been 
most  encouraging. 

180.  The  turrine  water-wheel.— The  most  effective  form  of  hy- 
draulic niotor  for  moderately  high  falls  was  formerly  considered  to  be 
the  overshot  winter- wheel;  but  recently,  the  turbine  has  been  made  to 
yield  equally  high  efiiciency,  and  its  far  lower  cost,  its  higher  speed,  its 
Ifeedom  from  difiiculty  arising  from  the  presence  of  ice  or  of  back-water, 
and  its  other  advantages,  have  made  it  the  only  class  now^  generally 
used.  All  of  the  three  classes  of  turbine  wheels,  the  outwrard,  the  in- 
ward, and  the  parallel  tlow , are  constructed  by  builders  of  reputation, 
and  give  good  results. 


fuuiidutioiiM  and  mastniry.  Sitnilarly  a Portland  autlioriiy  plaooa  it  at  $100  per  bonse- 
power.  The  actual  cost  of  8tcani-ci)nipn)ont  in  tbc  water-works  of  various  cities  of 
the  United  States  varies  fi*om  $100  to  $300  per  horse-power. 

As  to  the  cost  of  work  done,  it  appears  that  iu  Philadelphia  in  1<S67  the  cost  of  rais- 
ing water  hy  water-power  was  only  2^  cents  per  1,000,000  galloii-feet ; whereas  the 
cost  hy  8teain-t»ower  was  iu  four  cities  1It*»Fi  and  29-^  cents,  with  coal  at  $0.50 
per  ton. — The  frater  Toicer  of  Maine, 
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181.  Efficiency  and  cost  of  turhmes. — The  average  performance  of  a 
well- designed  and  well-bnilt  wheel  gives  not  far  from  75  per  cent,  of 
theoretical  power  of  the  fall.  This  figure  is,  however,  often  exceeded. 
Thirty  years  ago,  Mr.  Uriah  A.  Boy  den  designed  Fourneyron  wheels, 
which  gave  78  per  cent.,  and  in  1846  he  was  paid  for  88  per  cent,  on  a 
contract  with  the  Appleton  Company  of  Lowell,  Mass. 

Turbine  wheels,  to  secure  such  very  high  efficiency,  must  be  finished, 
as  well  as  designed  and  constructed,  with  exceedingly  great  care.  Cheap 
wheels  are,  however,  made  regularly  for  the  market  by  builders  in  the 
United  States,  which,  when  set  at  work  under  favorable  conditions,  will 
yield  a percentage  quite  up  to  the  first  figure  given. 

As  an  illustration,  one  of  our  manufacturing  firms  makes  a wheel 
about  6 feet  in  diameter  which  sells  for  less  than  $1,800.  Under  a 9-foot 
head,  it  is  rated  at  over  110  horse-power,  at  about  55  revolutions  per  min- 
ute, and  its  builders  present  evidence  that,  driving  a saw-mill,  60,000 
feet  of  white-pine  logs  have  been  turned  out  in  twelve  hoars,  and  an 
average  made  of  35,000  in  eleven  hours. 

Another  builder  makes  a 48-inch  wheel  for  $550,  and  rates  it,  with 
probable  correctness,  at  nearly  45  horse-power  under  10  feet  head  and 
80  revolutions,  and  at  80  horse  power  at  20  feet  head  and  115  revolutions. 

These  wheels  are  made  up  in  lots  for  the  market,  not  singly  and  to 
order,  as  is  done  in  other  countries,  and  this  fact  of  the  adoption  of  what 
is  known  as  the  “American  system”  of  manufacturing  has  an  important 
influence  in  reducing  cost. 

The  efficiency  of  those  wheels  at  “ part-gate  ” is  very  greatly  affected 
by  the  method  of  regulation.  In  some  cases  the  speed-governor  is  so 
attached  as  to  adjust  a set  of  slide- valves  in  the  passages  between  guide- 
blades.  In  other  cases,  the  blades  themselves  turn  on  axes  near  the 
inner  ends,  and  in  the  standard  Fonrneyron  turbine  the  gate  usually 
consists  of  a drum  between  the  wheel  and  the  casing  which  is  hoisted  or 
lowered  to  increase  or  decrease  the  speed  of  the  wheel.  Rankine  states 
the  loss  of  efficiency  for  average  practice  as  follows : 


Ratio  of  actual  to  full  gate i,  J,  J.  ' 

Ratio  of  efficiency  to  maximum J,  |, 


The  loss  of  efficiency  will  vary  very  greatly  with  the  character  of  the 
regulating-apparatus.  In  some  cases  the  loss  is  slight,  while  in  others 
it  is  very  great  at  the  same  degree  of  opening.  A very  large  number  of 
regulating-devices  and  forms  of  gate  have  been  patented  in  the  United 
States.  These  losses  are  least  where  the  flow  is  adjusted  by  varying 
the  size  of  the  openings,  or  by  changing  properly  the  direction  of  the 
guide-blades,  and  they  are  greatest  where  the  variations  of  velocity  of 
the  stream  are  greatest,  or  where  sudden  contractions  of  the  cliannel 
are  permitted.  It  is  in  this  direction  that  some  of  the  best  work  in  the 
improvement  of  the  turbine  has  been  done. 

182.  The  Capron  turbine. — The  American  section  contained  but  one 
wheel  of  this  class,  a plain,  well-finished  turbine,  exhibited  by  the  Capron 
12  MA 
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Manufacturing  Company,  of  Hudson,  N.  Y.  It  received  some  attention 
as  illustrating  the  fact  that  builders  in  the  United  States  were  engaged 
in  this  class  of  work.  It  is  unfortunate  that  so  large  an  industry  was  so 
poorly  represented  in  number  and  variety.  The  following  improvements 
constitute  the  main  features  of  this  wheel : the  buckets  are  detachable, 
being  made  with  a v-siLaped  flange  or  bead  upon  their  upper  and  lower 
edges,  which  fit  into  corresponding  grooves  on  the  upper  and  lower  disks  of 
the  wheel.  By  this  aiTangement  two  important  advantages  are  attained. 
The  buckets  may  be  polished  belbre  being  inserted  in  the  wheel,  thus 
securing  a considerable  reduction  in  friction  and  a corresponding  econ- 
omy in  power;  and  if  one  or  more  of  the  buckets  should  accidentally 
become  broken,  it  may  be  replaced  with  little  delay,  and  without  ren- 
dering any  of  the  other  buckets  or  eitiier  of  the  disks  useless.  In 
many  other  wheels  the  breakage  of  a bucket  makes  it  necessary  to  put 
in  a new  wheel  or  a section  of  a new  wheel,  occasioning  long  and 
expensive  8toi)page8  while  the  repairs  are  being  made.  The  top  of  the 
mouth  of  the  scroll  is  detachable,  giving  easy  access  to  the  wheel  and 
scroll  for  removing  obstructions  that  may  get  into  the  wheel;  this 
also  makes  it  possible  to  fit  in  a new  gate,  or  to  refit  the  old  one,  without 
removing  the  wheel  from  the  scroll  or  detaching  the  scroll  from  the 
water- box. 

183.  Gwynne  & Go’s.  Girard  turbine. — The  British  section  also 
contained  but  one  wheel.  This  was  a Girard  turbine,  built  by  Gwynne 
& Go.,  of  Loudon.  Its  most  striking  peculiarity'  consisted  iu  the  method 
• of  regulation.  The  circumference  w'as  divided  into  four  quadrants,  which 
were  alternately  provided  with  guide-curves  and  closed  up.  One-half 
of  the  wheel,  therefore,  did  no  work.  The  gate  was  so  fitted  that  when 
the  wheel  was  running  at  full  power  it  lay  between  the  wheel  and 
casing  at  the  blank  quadrants.  When  regulation  was  necessary,  it  was 
sw  ung  around  over  the  working  quadrants,  closing  olf  a greater  or  less 
number  of  openings,  according  to  the  necessities  of  the  moment.  It  is 
evident  that  this  arrangement  considerably  increases  the  size  of  the 
wheel  for  a given  power. 

The  arrangement  is  recommended  for  exceptionally  great  heads,  or 
when  the  velocity  of  the  ordinary  wheel  wouhl  be  excessive.  But  as 
the  efficiency  of  the  wheel  is  so  largely  dependent  upon  the  adjustment  of 
its  speed  as  a function  of  the  height  of  fall,  it  is  evident  that  reducing 
velocity  will  decrease  efticiency.  It  w'ould  seem  that  a better  plan 
would  be  to  drive  the  turbine  at  the  proper  speed,  providing  against 
inconvenience  or  injury  at  such  exceptionally  high  speeds  by  care  in 
designing  and  skill  in  the  constructioii  of  its  bearings  and  of  the 
machinery  of  transmission. 

Wheels  of  the  capacity  of  the  American  w heels  above  described  are 
catalogued  at  JCoOO  and  £180,  resi)ectively,  or  uot  far  from  50  per  cent, 
higher  price,  notwithstanding  the  lower  cost  of  labor  and  material  in 
Great  Britain.  An  efficiency  of  80  per  cent,  is  guaranteed.  The  prac- 
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tice  of  tbis  firm  is  to  make  the  steps  of  the  shaft  of  lignum- vit8B,  lubri- 
cating with  water. 

184.  Eieter  & Co.’s  JONVAL  TURBINE.— An  interesting  collection 
was  shown  by  Messrs.  T.  Rieter  & Co.,  of  Winterthur,  Switzerland.  It 
consisted  of  machinery  and  plans  of  very  fine  work  done  by  them  during 
a few  years  past.  These  manufacturers  build  the  Jouval  wheel,  and 
have  constructed  some  of  a size  nearly  equal  to  the  largest  turbines  in 
use  in  the  United  States.  Those  constructed  for  Bellegarde,  at  the 
junction  of  the  Rli6ne  and  Valerine,  are  8 feet  in  diameter,  and  under  a 
tall  of  40  feet,  making  90  revolutions  per  minute,  as  it  was  stated,  de- 
velop a power  of  630  horses.  This]  firm  adopt  the  “ telodynamic” 
method  of  transmission  of  power,  using  wire  rope  running,  at  high 
speed,  over  very  large  pulleys.  The  method  is  that  which  has  been 
introduced,  with  great  success  in  some  cases,  by  Messrs.  J.  Roebling’s 
Sons,  of  Trenton,  N.  J. 

185.  Messrs.  Roy  & Go.,  of  Vevay,  presented  an  attractive  collection  • 
of  turbine  wheels  on  a small  scale,  in  tanks  fitted  with  glass  windows, 
through  which  their  operations  could  be  observed.  This  firm,  it  is  said, 
have  constructed  within  ten  years  more  than  200  Girard  turbines, 
representing  a total  of  9,000  horse-power.  These  are  all  made  with 
what  is  called  a “ free  discharge.”  The  wheel  is  not  allowed  to  work  in 
tail- water,  but  in  an  atmosphere  of  air  so  compressed  that  the  water  is 
kept  back  at  a lower  level  than  the  wheel  itself.  This  air-chamber 
which  incloses  the  wheel,  and  is  opened  at  the  bottom  for  the  exit  of 
the  stream  leaving  the  wheel,  is  kept  full  by  an  air-pump  worked  by  the 
turbine  itself— a somewhat  costly  addition  to  the  machinery.  This 
arrangement  for  relieving  the  wheel  of  the  drag  of  tail-water  has  un- 
questionable advantages,  and  these  engineers  consider  them  more  than 
sufficient  to  compensate  the  extra  cost  of  their  construction.  Their 
assertion  is  well  sustained  by  their  success  in  introducing  them. 

186.  Oolladon’s  “ FLOATINU  WHEEL.” — The  Swiss  section  contained  a 
considerable  number  of  exhibits  of  hydraulic  machinery,  one  of  which 
should  be  described,  although  a little  out  of  place  here.  This  was  a 
design  shown  by  M.  Colladou,  of  Geneva,  of  a “ floating  hydraulic  wheel  ” 
for  rapid  streams.  One  of  these  wheels  was  stated . to  have  been  at 
work  on  the  Rhdne,  near  Geneva,  day  and  night  for  eight  years.  This 
wheel  is  a great  barrel,  of  boiler-plate,  carrying  floats  or  paddles,  by 
which  it  is  turned  as  it  floats  upon  the  stream,  revolving  about  an  axle 
which  may  rise  and  fall  with  the  tide.  The  wheel  thus  works  equally 
well  whatever  the  height  of  the  water. 

This  wheel  is  rated  at  12  horse-power,  and  is  used  to  raise  water  to  a 
height  of  65  meters,  (215  feet,)  for  the  purpose  of  supplying  the  neigh 
boring  villages.  It  was  said  to  have  cost,  with  its  attachments,  but 
10,000  francs,  ($2,000.) 

187.  Straub’s  vertical  wheels. — A fine  exhibit  of  hydraulic  ma- 
chinery was  made  by  Herr  D.  Straub,  of  Geislingen.  One  of  his  turbine 
wheels  was  constructed  for  a height  of  fall  of  500  feet. 
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A more  remarkable  wheel  was  that  of  Millot,  shown  by  the  same 
exhibitor,  iu  which,  by  a neat  device,  the  inllow  of  water  was  directed 
into  the  wheel,  passing  from  the  interior  into  the  bucket  and  thence 
outward  at  its  dischargee*  The  wheel  was  18 J feet  in  diameter  out- 
side, 14  feet  inside,  7 feet  breadth  of  face,  and  intended  to  make  ftve 
revolutions  per  minute.  The  exhibitor  claimed  for,  this  wheel  an  effi- 
ciency of  over  85  per  cent.,  a result  possibly,  but  in  the  opinion  of  many 
engineers  not  probably,  attainable.  Herr  Straub  also  exhibited  a breast- 
wheel,  feet  diameter,  0 feet  in  length,  and  for  a fall  of  moderate 
height  this  is  an  effective  wheel.  The  etiiciency  promised  was  75  per 
cent. 

188.  Naoel  and  Kaeimp,  of  Hamburg,  exhibited  a very  interesting 
group  of  hydraulic  apparatus,  including  four  turbine  water  wheels,  of 
diameters  ranging  from  214  inches  to  88  inches.  The  ordinary  method 
of  regulation  is  practiced  with  the  Fourneyron  wheel  as  built  by  Nagel 
& Kaerap;  the  water  enters  from  below,  as  is  usual,  instead  of  from 
above.  The  regulation  is  effected  by  alteritig  simultaneously,  by  a very 
ingenious  arrangement,  the  height  of  both  guide-curves  and  wheel- 
buckets,  thus  altering  the  working  depth  of  the  wheel  to  suit  the  vary- 
ing iHjcpii remen ts  of  the  ease.  The  percentage  of  useful  effect  in  the 
wheel  is  thins  preserved  nearly  constant  for  all  variations  of  power* 
The  arrangement  complies  with  theoretical  requirements,  and  is,  further- 
more, practically  successful.  It  is  one  of  the  best  devices  shown  at 
Vienna.  The  entrance  of  the  water  below  the  wheel  is  of  decided  ad- 
vantage, in  permitting  a partial  balancing  of  the  weight  on  the  step  and 
making  the  wheel  far  less  liable  to  give  trouble  in  consequence  of 
defective  lubrication  at  that  i)oint,  the  greatest  difficulty  usually  ex- 
perienced with  the  Fourneyron  wheel.  So  freely  does  the  wheel  work, 
the  exhibitors  state,  that  they  have  actually  in  operation  a wheel  work- 
ing under  a liead  of  but  0 inches.  Another  exceedingly  neat  device  is 
that  adojited  for  oiling  the  step.  The  lubricant  floats  on  the  water 
within  a little  bell  .surrounding  the  step  as  the  air  is  retained  within  a 
diving-bell.  Should  the  journal  commence  cutting,  the  particles  tall 
down  and  are  carried  away  by  the  water  instead  of  choking  the  bearing, 
as  usually  occurs.  The  whole  arrangement  is  neatly  designed  and  well 
proportioned,  and  is  an  excellent  piece  of  work. 

189.  Another  “ partial  ’’  turbine  wheel,  or  wheel  with  ‘‘  partial  deliv- 
ery,” is  shown,  which  belongs  to  a class  already  referred  to.  The  gate 
swings  about  the  axis  of  the  wlieel,  closing  off  a greater  or  less  number 
of  openings  through  the  wheel.  This  design  is  intended  for  great 
height  of  fall. 

Another  interesting  device  was  the  regulating-wdieel  used  by  this 
6rm.  An  annular  bucket-wheel,  with  floats  capable  ot  moving  about 
axes  at  the  inner  ends,  was  fitted  outside  the  turbine  bucket-wheel* 
When  the  turbine  was  working  jjroperl}’,  the  water  issued  radially 
between  these  floats,  leaving  them  in  their  normal  positions.  A dis- 
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turbance  of  the  turbine  producing  a change  in  the  direction  of  the  out- 
flowing water,  it  impinged  against  the  floats  of  the  regulating-wheel, 
changing  their  position  on  their  axes,  and,  through  a properly-arranged 
system  of  gearing,  caused  the  necessary  change  of  position  in  the  gate. 
One  of  those  turbines,  built  for  a fall  of  138  feet,  (42  meters),  weighs  800 
kilograms,  (1,760  pounds,)  and  is  rated  at  35  horse-power. 

190.  Arrangement  and  efficiency, — This  firm  received  the  ^^EhrenDi- 
for  their  extensive  and,  in  some  respects,  very  superior  collection 
of  hydraulic  machinery.  They  have  furnished  the  writer  since  the  close 
of  the  Exhibition  with  data  and  calculations  x>ublished  in  the  Allge- 
meine  DeutvSche  PolytechnischeZeitung,  1874,  and  in  London  Engineer- 
ing of  February  20,  1874. 

A centrifugal  pump,  with  eccentric  casing,  was  driven  from  the  shaft- 
ing under  the  floor  of  the  machinery-hall.  This  pumj)  took  water  from  a 
lower  reservoir,  raised  it  through  a funnel-shaped  tube  5 meters  (16  feet 
4^  inches)  high,  whence  it  fell  1 meter  (3  feet  3f  inches)  into  an  uj^j^er 
reservoir.  A turbine,  930  millimeters  (36.61  inches)  outside  diameter , 
drove  a vertical  centrifugal  pump.  This  i)umx>  also  took  water  from  the 
lower  reservoir,  and  forced  it  through  another  funnel-shaped  tube  into 
the  upper  reservoir,  altogether  through  a height  of  5 meters.  The 
water  supplied  by  the  two  centrifugal  pumps  was  used' for  driving  the 
turbine,  the  available  head  being  4 meters,  (13  feet  IJ  inches.)  The 
available  cubic  contents  of  the  upper  reservoir  up  to  the  level  of  the 
overflow  amounted,  after  deducting  the  two  tubes,  to  801.44  cubic  feet, 
and  this  reservoir  was  filled  by  means  of  one  of  the  centrifugal  pumj)S 
in  exactly  101  seconds,  whence  the  i3ump  delivered,  at  its  normal  sx)eed, 

and  to  a height  of  5 meters,  = 7.935  cubic  feet  of  water  per  sec- 

ond. This  quantity  was  delivered  by  the  vertical  funnel-shaped  tube, 
the  effective  diameter  of  which  was  D = 1.055  meters,  or  41.54  inches, 
while  the  measured  head  of  the  discharge  hi  = 0.089  meter,  or  3.5 
inches. 

191.  The  quantity  of  water  Qi  flowing  per  second  over  overflows  of 
this  kind  is  found  by  the  known  formula : 

2 

Qi  = g/^p/4i\/2<//q, 

in  which  fx  represents  the  co  efficient  of  discharge;  p the  width,  or,  in 
this  case,  the  circumference  D of  the  overflow,  this  width  being  in  the 
present  instance — 

Dtt  = 3.315  meters,  or  10.876  feet ; 
hi  = 3.5  inches,  or  0.2917  foot ; and 
2(j  = 64.4  feet  for  the  acceleration  due  to  gravity. 

According  to  this  formula,  we  get,  in  the  present  case — 

7.935  = X 10.876  x 0.292  ^64.4  x 0.292, 
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whence  = 0.576,  which  shows  that,  for  such  overflows  of  1.055 
3 


meters  diameter,  the  co-efflcient  of  outflow  is  almost  exactly  the  same 
as  that  found  by  Eytelvvein  for  well-rounded  ofif  weirs. 

For  further  calculations  we  shall  use  the  following  symbols  : 

(1.)  For  the  centrifugal  pump  with  eccentric  casing : 

Qi=7.935=the  quantity  of  water  per  second  in  cubic  feetj 
IIi=l6.4  feet  (5  meters)=total  height  through  which  the  water  is 
lifted ; 

5=D;r=10.876  feet  circumference  of  overflow; 

/q =0.292  foot  effective  head  ; 

= percentage  of  effect ; • 

Ni=eftoctive  working-power  of  the  pump  ; 

Therefore,  taking  the  weight  of  water  at  62.4  pounds  per  cubic  foot, 


62^4  X 60  Qj_^i 
33000 


horse- power. 


(2.)  For  the  centrifugal  pump: 

Q2=quantity  of  w'ater  per  second  in  cubic  feet; 

112=16.4  feet  = total  height  through  which  the  water  is  raised; 
/>=!);:=  10.876  feet  width  of  the  overflow  ; 

/f2=0.2362  foot  effective  head; 

^2= percentage  of  effect; 

N2=effeetive  working- power  of  the  pump; 


Therefore, 


62.4x60Q2  II2 
33000 


horsepower. 


(3.)  For  the  turbine : 

Q3=Qi+Q2=q»»iB‘tffy  of  water  per  second  in  cubic  feet; 
H3=13.12  feet  (4  meters)=total  available  height  of  fall  ; 


n3=percentage  of  effect; 
K3=effective  working-power ; 
Therefore, 


62.4x60  Q3  H3 
330(^0 


horsepower. 


The  whole  effective  power  developed  by  the  turbine  having  been  used 
in  driving  the  centrifugal  pump  with  vertical  spindle,  we  find  that  ^3= 
or,  by  substitution,  that — 


^ 62.4 X 60 Q3  H3  1 62^4x600^2.  u. t 
^ 33000  33000  ’ 

Q3=Qi+Q2,  and  H3  = 13.12  feet;  nj=16.4feet;  whence 

„ 62.4  X CO  X 13.12  (QixQj)  1 G2.4x  60x  16.4  Q, 
33000  Th  33000 


or, 


W3  W2  = 


5 _Q2  _ 

4 Q1+Q2 
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We  also  find,  under  the  same  conditions  and  for  the  case  where  the 
total  amount  of  water  (Qi-1-,Q2)  supplied  by  the  two  centrifugal  pumps 
has  been  exclusively  used  for  the  working  of  the  turbine,  that  the 
height  /i2  of  the  effective  head  at  the  top  of  the  funnel-shaped  tube  for 
the  pump  is — 

/j2=0.2362  feet. 

Whence, 

i Q2=|/x  bh2  V 2gh2 

=0.570  X 10.876  X 0.2362  V64.4X  0.2362 

Therefore,  Q2=5.77  cubic  feet  per  second. 

The  same  result  is  obtained  in  a shorter  manner  by  division, 


Qi  _ § fj.  hhi  V2ghi  _ li\  Vh 
^ /X  hhi 


In  this  equation  the  relative  values  of  Qi  and  Q2  are  expressed  simply  by 
the  corresponding  heights  of  fall  /q  and  7^2,  whence  a very  convenient 
calculation  of  the  quantities  of  water  by  means  of  the  easily-measured 
heights  hi  and  hz  is  obtained.  From  the  above  equation  we  get — 


Q2  = Qi  — 7.935  5.77 

hi  Vlh  ■ 0-292  ■/292 


cubic  feet  per  second, 
ula  given  above — 

we  get 

or 


Substituting  the  value  of  Qi  and  Q2  into  the  form- 


5 Q2 

^3  112  =-r 


4 Q1+Q2 


113  = T 


5.77 


4 7.0354-5.77 


113  712  = 6-52 


That  is  to  say,  the  real  effect  produced  by  the  turbine  and  by  the  verti- 
cal centrifugal  pump  together  is  52  per  cent,  of  the  theoretical  power 
of  the  water  which  is  available  for  the  turbine,  or  the  percentage  of 
effect  from  the  gross  power  of  the  turbine- water  to  the  power  repre- 
sented by  the  effect  of  the  pump  is  52  per  cent.  This,  it  must  be  ad- 
mitted, is  a very  favorable  result,  for,  supposing  that  the  percentage  of 
effect  of  the  turbine  is  equal  to  that  of  vertical  centrifugal  pump,  we 
get 

113=712^  -/0.52=0.72 


That  is  to  say,  both  turbine  and  centrifugal  pump  work  with  a useful 
effect  of  72  per  cent.  It  may  be,  however,  safely  admitted  that  the 
turbine  produces  a greater  percentage  of  effect  than  the  centrifugal 
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pump;  audit  we  suppose,  for  example,  aud  iu  accordance  with  the 
greater  probability,  that 

nnr  ^ 52xlb() 

W3=0.75,  we  get  ^3=  =60.3  [>er  cent. 

That  is  to  say,  the  turbine  apparently  gives  75  per  cent,  aud  the  vertical 
centrifugal  pump  about  70  per  cent,  of  useful  eflect.  It  should  be  boruo 
in  luiud  that  this  result  is  obtained  with  a turbine  of  small  dimeusioiis, 
which  represeuts  but  a power  of  15  horses,  aud  the  sluices  of  which  for 
the  admission  of  the  water  were  but  tw'o-thirds  open. 

192.  Thime’s  Foukneyron-Jonval  turbine. — A Hussian  exhibitor, 
Professor  Thime,  of  the  Institute  of  St.  Petersburg,  has  attempted  to 
secure  for  the  Fourneyrou  wheel  the  special  advantage  of  the  Jonval 
turbine — that  of  working  at  any  point  in  the  fall.  The  whole  wheel  is 
surrounded  with  a casing,  out  of  w'hich  the  issuing  water  is  led  by  a 
pipe  which  is  carried  down  to  the  bottom  of  the  /all  and  its  lower  end 
submerged.  He  claimed  thus  to  have  secured  the  advantages  of  accessi- 
bility peculiar  to  the  Jonval  system,  without  sacriticing  the  more  satis- 
factory method  of  regulation  practicable  with  the  outward-liow  wheel* 
The  exhibitor  proi)o.ses  to  use  wheels  with  either  vertical  or  horizontal 
axes,  as  may  be  preferred.  Regulation  is  obtained  by  the  adjustment 
of  the  height  of  oi)enings  through  the  wheel  by  means  of  a damper 
carried  on  the  axis  ami  sliding  in  the  axial  direction,  so  as  to  close  up  a 
larger  or  smaller  proportion  of  the  opening,  as  may  be  required — a sys- 
tem claimed  to  have  been  introduced  tw'enty  years  ago  by  M.  Charles 
Huot.  The  general  design  of  these  wheels  was  not  good.  The  water 
passed  through  channels  of  suddenly  varying  sections  and  with  sharp 
turns,  and  the  loss  of  energy  must  bo  quite  objectionable. 

193.  Principles  of  construction  of  water-wheels.— The  con- 
struction of  an  ellicient  turbine  water-wheel  involves  simple  principles, 
but  their  application  aifords  a field  for  the  display  of  great  engineering 
skill  aud  mechanical  tact.  These  wheels  are  usually  divided  into  three 
great  classes:  parallel-llow,  outward-tlow,  and  inward-tlow  turbines.  In 
either  case,  the  aim  of  the  designer  is  (o  transform  the  energy  of  the  falling 
water  into  useful  mechanical  effect  without  losing  power  by  splashing  of 
the  liquid  or  the  production  of  heat  by  its  friction.  The  water  is  received 
on  the  wheel  without  shock,  transmitted  with  uniformly  decreasing 
velocity,  and  finally  leaves  the  \vheel  at  the  minimum  velocity,  which 
enables  it  to  just  clear  the  succeeding  buckets  as  it  falls. 

When  the  water  enters  upon  the  wheel  without  shock  and  leaves  it 
without  velocity,  the  speed  of  wheel  being  approximately  one-half  that 
due  the  height  of  fall,  a maximum  economy  is  attained. 

To  secure  this  result,  the  water  should  enter  upon  the  wheel  with  the 
angular  velocity  of  the  latter,  and  should  have  its  velocity  reversed, 
leaving  the  wheel  with  a velocity  opt»osite  in  direction  and  equal  in  mag- 
nitude to  that  of  the  wheel  itself. 


CHAPTER  IX 


• PUMPS. 

• Pumps  ; Applications  ; Classifications  ; Steam-pumps  ; Later  forms  ; Decker 
Brothers  & Co.’s  pumping-engine  ; Cameron’s,  Selden’s,  and  Earle’s  steam- 
pumps;  Prunier’s  pumping-machinery;  The  Erste-Brunner-Maschinen-Fab- 
riks-Gesellschaft ; Centrifugal  pumps;  Their  proper  form;  Advantages; 
Gwynnk’s  exhibits;  The  pumps  for  Ferrara,  Italy;  Pumps  of  J.  Bernayj 
Neut  & . Dumont,  Coignard,  Nagel  & Kaemp;  The  Schiele  pump;  Boulton 
& Imray’s  pump  ; Adaptations  of  the  centrifugal  pump. 

194.  Classification  of  pumps. — The  elevation  of  water  has  always 
been  one  of  the  most  important  applications  of  mechanical  power. 

Before  the  time  of  Watt  the  power  of  steam  had  been  applied  almost 
solely  to  this  purpose.  The  steam-engines  of  the  Marquis  of  Worcester, 
of  Savery,  and  of  Kewcomen  had  application  exclusively  in  this  direc- 
tion. The  first  engines  of  Watt  were  pumping-engines,  and  that  great 
engineer  and  his  competitors  were  the  first  to  apply  steam  as  a prime 
mover  to  other  machinery,  only  after  the  introduction  of  the  improved 
pumping-engine  had  relieved  the  miners  from  imminent  danger  of  being 
driven  from  their  mines  by  the  fioods  of  water  met  with  at  the  depths 
then  already  attained.  While  mechanical  power  since  that  time  has 
’found  a wonderfully-extended  and  still  rapidly-widening  field  of  appli- 
cation, the  elevation  of  water,  although  of  far  less  relative,  is  of  vastly 
greater  absolute  importance  than  at  the  time  of  Wattes  death,  nearly 
three-quarters  of  a century  ago. 

At  that  time  the  reciprocating-pumps  only  were  known.  They  still 
remain  in  use  for  great  pressures  and  high  lifts,  but  have  been  quite 
superseded  recently  by  the  rotary  and  centrifugal  pumps  wherever  the 
great  volumes  of  water  are  to  be  raised  through  moderate  heights. 

The  three  important  classes  of  apparatus  for  raising  water  are,  there- 
fore : 

(1.)  Reciprocating-pumps. 

(2.)  Rotary  pumps. 

(3.)  Centrifugal  pumps. 

The  first  class  are  frequently  called  piston-pumps,”  and  consist  ot 
a barrel  in  which  water  is  intermittently  disifiaced  by  a piston  or  a 
plunger  with  a set  of  valves,  usually  acting  automatically,  which  compel 
the  liquid  to  take  the  proper  course  when  entering  or  leaving  the  pump- 
barrel. 

The  second  class  consists  of  pumps  which  usually  have  either  two 
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sets  of  revolving  vanes,  geared  with  each  otlier  in  such  manner  as  to 
seize  and  drive  forward  a certain  quantity  of  water  at  each  revolution 
by  a ‘‘positive”  action,  or  of  a revolving  drum,  fitted  with  sliding  dia. 
phragms  which  drive  the  liquid  along  the  channel  which  extends  arouud 
the  periphery  of  the  casing,  advancing  radially  or  retiring  into  the  drum 
as  that  channel  enlarges  its  section  or  contracts. 

195.  Steam-pumps. — Of  the  latter  two  classes,  none  were  exhibited  at 
Vienna  which  called  for  extended  consideration,  although  the  number  of 
exhibits  was  very  great.  The  most  important  exhibits  were  the  steam- 
pumps;  and  the  most  interesting  of  the  steam-pumps  were  types  well 
known  as  having  been  invented  in  theUnited  States  and  very  extensively 
used.  The  latest  forms  of  these  pumps  have  the  valves  of  their  steam- 
cylinders  driven  by  small  auxiliary  pistons,  driven  in  turn  by  steam  which 
is  distributed  by  a very  small  valve  moved  by  tappets  upon  the  main 
piston  or  its  rod.  In  these  pumps  there  is  less  liability  to  a cessation  of 
action  when  working  very  slowly  than  in  older  styles  of  piirni).  In  the  lat- 
ter, reverse-steam  is  necessarily  given  before  the  steam  and  water  pistons 
have  quite  reached  the  end  of  their  stroke.  When  running  at  ordinary 
speed,  the  momentum  of  the  moving  mass  is  such  that  the  stroke  is  com- 
pleted, and  the  valve  thus  necessarily  thrown  wide  open  before  the  re- 
verse-steam can  check  the  onward  movement.  When  moving  slowly? 
how'ever,  this  cannot  occur,  and  the  pump  is  liable  to  stop  before  com- 
pleting its  stroke  and  reversing  steam.  With  the  auxiliary  valves  this 
is  far  less  likelj"  to  occur,  and  becomes  almost  impossible  to  drive  the 
pump  at  so  slow  a speed  that  it  cannot  make  a full  stroke;  while  at  high 
speed,  from  beginning  to  end  of  stroke,  the  full  steam-pressure  is  ob- 
tained and  a greater  amount  of  work  is  usually  done  than  could  be  done 
with  the  0 der  form  of  valve- movement. 

196.  The  Cameron  “special”  pump  was  exhibited  at  Vienna,  in 
thd  British  section,  by  Messrs.  Tangye  Brothers,  aud  is  so  well  known  in 
the  United  States  as  scarcely  to  require  description.  It  is  of  the  class 
last  referred  to,  aud  Large  numbers  are  in  use  in  the  United  States, 
where  they  are  made  by  A.  S.  Cameron  & Co. 

The  pump  is  well  designed  aud  well  made.  It  is  comi)act,  handy,  and 
durable.  lu  the  illustrations  (Figs.  76  and  77)  it  is  shown  in  side 
elevation  and  in  section. 

A is  the  steam-cylinder  shown  in  section.  Fig.  77 ; C,  the  steam-piston ; 
D,  the  piston-rod;  L,  the  steam-chest ; F,  the  plunger ; G,  the  slide-valve ; 
H,  a starting-bar,  connected  with  a handle  on  the  outside ; 1 1 are  the 
reversing- valves,  and  K K,  the  bonnets  over  the  reversing-valvesj 
N is  the  body-piece  connecting  the  steam  aud  water  cylinders ; B is  the 
water-cylinder  with  the  valve-chest  bonnet  removed;  M is  a valve-seat 
shown  in  section  ; the  valve  over  it  is  also  shown  in  section ; T is  the 
discharge-air  vessel. 

Suppose  the  steam-piston  C moving  from  right  to  left,  when  it 
reaches  the  reversiug-valve  I it  opens  it  and  exhausts  the  space  on 
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the  left-hand  end  of  the  plunger  P by  the  passage  E,  which  leads  to 
the  exhaust-pipe,  the  greater  pressure  inside  of  the  steam-chest  changes 
the  position  of  the  plunger  F and  slide-valve  G,  and  the  motion  of  the 
piston  C is  instantly  reversed.  The  same  operation  repeated  at  each 
stroke  makes  the  motion  continuous.  The  reversing-valves  I I are 
closed  by  a pressure  of  steam  on  their  larger  ends,  conveyed  by  an  un- 
seen passage  direct  from  the  steam-chest. 

A i)ump  somewhat  resembling  in  appearance  the  ‘‘special”  pump  was 
shown  by  Mr.  McNicol,  of  Glasgow,  the  invention  of  Clarkson;  and 
another  pump  by  the  same  dealer,  and  invented  by  the  same  engineer, 
accomplished  the  same  object  by  making  the  piston  of  the  steam-cylin- 
der of  unusually  great  length  and  placing  within  it  the  valve  which, 
working  automatically,  effected  the  distribution  of  steam.  The  piiinp- 
valves  were  India-rubber  ball-valves.  The  valves  of  the  special  pump 
were  of  brass,  with  brass  seats  resting  on  India-rubber  rings.  Ten  thou- 
sand of  the  latter  pumps  are  said  to  have  been  made  in  Great  Britain. 

These  varieties  of  pump  are  finding  an  enormous  demand,  and  their 
manufacture  constitutes  an  exceedingly  important  branch  of  manufact- 
ure. The  English  manufacturers  seem  to  be  more  generally  inclined 
to  use  the  older  form  of  “ donkey *1)11111  p”  than  are  our  own  people;  but 
the  fact  that  they  are  so  generally  adopting  the  class  iust  described 
would  indicate  that  practice  in  this  respect  in  the  United  States  isiu 
advance  of  that  in  Great  Britain. 


Eig.  77. 

Several  “ donkey -pumps”  ivere  shown,  one  ot  which  is  a combination 
of  what  is  known  in  America  as  Andrew’s  oscillating  engine,  with  a 
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similarly  arranged  pump-cylinder,  opposite  each  other  and  coupled  to 
the  same  crank -shaft. 

The  best  of  the  remaining  pumps  of  this  class  are  of  the  plainest  design 
and  most  simple  construction,  and  require  no  extended  mention  here. 

197.  There  were  three  pnm ping-stations.  At  one  of  these  Decker 
Brothers  & Co.  had  erected  pumps  of  the  style  supplied  by  them  for 
mining-purposes.  They  were  ISj  inches  diameter,  both  in  stcRm  and 
water  cylinders,  and  of  37  inches  stroke.  The  pressure  of  steam  was 
from  50  or  GO  pounds  and  the  water-pressure  somewhat  lower,  and  lower 
also  than  the  pumps  were  designed  to  work  against. 

198.  In  THE  Selden  pump,  another  American  design,  as  shown  in 
Fig.  78,  a button  or  disk,  attached  to  the  piston-rod  at  its  middle  point, 
strikes,  as  it  reaches  either  end  of  its  stroke,  a bent  lever  connected 
with  the  valve-stem,  as  shown  in  the  cut,  and  moves  the  starting- valve. 
It  is  simple  in  construction,  positive  in  action,  and  is  evidently  intended 
more  for  use  than  ornament.  The  auxiliary  valve,  w'hich  is  moved  by 
the  lever  acted  upon  by  the  disk  on  the  piston-rod,  is  recessed  into  the 
main  valve  so  that  they  have  a common  seat.  The  pump-valves  are 
accessible  on  removing  one  nut.  They  are  flat,  of  bronze  or  composi. 
tion,  or  they  are  sometimes  faced  with  rubber  or  leather.  They  seat  on 
bronze.  The  builder  of  this  puiiq)  was  Mr.  A.  Carr,  of  New  York  City. 

199.  In  THE  Earle  direct-acting  steam-pump,  au  American  pump, 
exhibited  by  Decker  Brothers,  of  Canstadt,  steam  passes  into  the  cen- 
ter space  of  the  steam-valve  through  a port.  A;  from  thence  the  stream 
passes  into  the  steam-cylinder  B,  causing  the  piston  to  make  its  stroke- 
When  the  tappet-arm  D touches  the  valve-rod  collar  E,  it  moves  the 
valve  a short  distance,  uncovering  the  port  F,  when  steam  rushes  up 
from  below  into  a chamber,  G,  and  its  pressure  causes  the  movement 
of  the  valve.  The  motion  of  the  steam-piston  is  immediately  reversed 
and  the  operation  repeated  at  each  end  of  the  stroke.  This  operation 
of  the  valves  allows  the  water  to  rush  from  the  suction-pipes  into  a pass- 
age, J,  from  thence,  through  the  suction- valves  K,  into  the  pump-cylin- 
der II;  thence  it  is  forced  by  a piston  up  through  the  discharge-valves 
L and  out  at  the  discharge-pipe  M.  The  elasticity  of  the  air  confined 
in  the  air-chamber  equalizes  any  unevenness  of  pressure  and  secures  a 
steady  stream. 

This  i)ump  has  only  one  steam-valve,  a single  piece,  impossible  to 
break  by  use,  fitted  and  proved  with  all  the  ports  and  passages  immova- 
bly fixed  in  the  solid  casting  and  never  needing  any  alteration.  The 
valve  is  fitted  ‘‘steam-tight,”  is  furnished  with  a peculiar  steam-packing* 
and  is  balanced.  It  is  impossible  to  place  the  valve  in  such  a position 
that  the  pump  will  not  start  the  instant  steam  is  turned  on. 

At  the  moment  of  reversing,  the  niov'einent  of  the  valve  is  in  unison 
with  the  main  piston  ; and  it  is  claimed  to  be  impossible  for  the  piston 
to  strike  the  cylinder-head,  however  fast  it  is  moving,  since,  from  the 
method  of  construction  and  connection  of  the  valve,  it  will  be  reversed 
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and  admit  steam  ahead  of  the  piston  before  the  latter  can  strike  the 
head.  This  point  is  highly  important  in  a fire-pump,  as  it  can  then  be 
driven  at  high  speed  without  liability  of  breaking  down.  It  is  impossi- 
ble for  it  to  reverse  its  motion  before  it  has  completed  the  full  stroke, 
and  it  uniformly  delivers  its  maximum  capacity,  with  an  incidental  ad- 
vantage, the  cylinders  wearing  equally  throughout  their  whole  length 
The  valve  is  moved  by  steam  which  has  completed  its  work  in  the  cyl- 


inder and  is  about  to  be  exhausted.  The  water-passages  ot  the  pump 
are  large  and  direct. 

Fig.  79  is  a perspective  view  of  a boiler-feed  pump. 

Fig.  80  is  a sectional  view  of  the  large  fire-pump. 

200.  M.  Prunier,  of  Lyons,  France,  erected  a set  of  pumping-appa- 
ratus in  a small  building  ISTorthwest  of  the  machinery  hall.  Here,  two 
independent  pumps  raise  water  from  two  wells  which  are  lined  with  an 
iron  cylinder  pierced  with  holes,  very  much  in  the  same  way  as  is  cus- 
tomary with  the  tube-wells  so  extensively  used  in  the  United  States. 
These  tubes  were  one  meter  (3.28  feet)  in  diameter  and  17  meters  (55| 
feet)  long. 

The  engines  were  vertical,  the  steam-cylinders  above  the  pumps,  and 
the  center  line  of  both  traversed  the  center  line  of  the  well.  Each  pump- 
barrel  contained  two  pistons  working  in  opposite  directions.  The  rod 
which  carries  the  lower  iiiston  was  formed  by  continuing  the  steam-pis- 
ton rod  downward.  The  upper  piston  was  carried' on  a hollow  rod  sur- 
rounding the  first,  and  operated  by  a cross-head  which  was  connected  to 
pins  on  the  balance-wheel  at  each  side  by  connecting-rods  of  consider- 
able length.  These  pistons  were  conical  in  general  shape,  and  their 
valves  were  concentric  India-rubber  rings,  having  horizontal  seats  one 
above  another,  the  smallest  being  uppermost.  The  plan  here  adopted 
was  claimed  to  have  the  advantages  of  giving  an  equilibrium  of  weights 
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of  pistons  and  other  moving  parts  ; a comparatively  uniform  flow  of 
water,  always  in  the  same  direction  5 adaptability  to  great  depths,  as  a 
consequence  of  the  fact  that  the  rods  are  never  submitted  to  a force  of 
compression,  and,  further,  absence  of  concussion,  consequently  per- 
mitting the  adoption  of  high  speed. 

The  point  ot  cut-off  of  the  engine  is  ot  course  invariable,  being  origi- 
nally determined  by  existing  conditions  which  are  quite  invariable.  In 
this  case  steam  was  expanded  five  times.  The  v^alves  were  “ balanced*’ 
and  actuated  by  steel  cams.  The  condenser  was  placed  directly  be- 
neath the  steam-cylinder,  and  was  annular  in  form.  Two  air-pumps 
were  arranged,  one  on  each  side,  working  from  the  cross-head  carrying 
the  upper  pump-piston. 

The  steam-cylinder  was  24  inches  diameter,  (0.60  meter,)  and  had  the 
same  length  of  stroke  of  piston.  The  water-pistons  had  the  same  stroke 
as  the  steam-pistons,  and  were  10  inches  (0.40  meter)  in  diameter. 
At  50  revolutions  per  minute,  the  pumps  raise,  together,  494J  cubic 
feet  (14  cubic  meters)  per  minute  through  a height  of  24  meters  (78.7. 
feet)  with  about  100  horse-power. 

The  whole  apparatus  is  simple,  compact,  and  effective,  and  did  good 
work.  The  principal  defect  would  seem  to  be  the  proximity  of  the  con- 
denser to  the  lower  steam-cylinder  head,  and  the  consequent  liability  to- 
absorb  heat  from  it  and  to  produce  serious  condensation  of  steam  within, 
the  cylinder. 

201.  The  Erste-Brunner-Machinen-Fabriks-Gesellschaft  es- 

ta,blished  a setof  pumping-machinery  at  the  opposite  extremity— the 
Western  end— of  the  machinery  hall,  raising  water,  to  supply  the  Exhibi- 
tion, into  a tank  at  the  summit  of  a water-tower  150  feet  high.  The 
total  lift  was  between  165  and  170  feet.  The  engines  were  Corliss  engines,, 
having  cylinders  19|  inches  in  diameter  and  feet  stroke  of  p*iston.’ 
The  pumps  were  double-acting,  of  the  same  length  of  stroke,  and  12, 
inches  in  diameter.  The  same  piston-rod  carries  steam  and  water  cyl- 
inder pistons,  the  two  cylinders  being  in  line,  the  pump  behind  the- 
steam-cylinder.  These  engines,  when  running  at  speed,  made  22  revo- 
lutions per  minute  with  a steam-pressure  of  65  pounds.  The  engines, 
are  non-condensing.  Speed  is  regulated  by  a hand-motion  adjusting- 
the  cut-off  apparatus.  The  exhaust  passes  through  a feed- water  heater. 
The  whole  of  this  work  is  creditable  to  designer  and  builders. 

202.  Centrifugal  pumps. — The  class  of  pumps  misnamed  centrifu- 
gal are  now  fully  recognized  as  the  most  useful,  and  indeed  the  only' 

kind  which  may  be  profitably  used  in  elevating  large  volumes  of  water- 
to  moderate  height. 

Bucket  or  plunger  pumps  are  not  at  all  adapted  to  low  lifts.  The- 
class  here  referred  to  excel  them  immensely  in  low  first  cost,  in  small- 
ness of  volume  and  of  weighty  even  in  efficiency  the  difference  under  the 
conditions  here  supposed  is  not  great.  Higher  lifts  and  heavy  pressure 

cannot  be  successfully  met  by  centrifugal  pumps,  as  the  slip  of  the  water 
13  MA 
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through  the  pump  becomes  very  great,  causing  a correspouding  loss  of 
officieucy ; but  under  low  lifts  this  slip  becomes  insignificant,  and  the 
advantages  are  all  on  the  side  of  the  centrifugal  pump.  In  these  pumps 
a rapidly-revolving  axle  carries  a set  of  blades  or  tans,  which  force  a 
stream  of  water,  entering  in  the  line  of  the  axis,  outward  between  the 
walls  of  the  casing,  into  an  annular  or  helical  channel,  from  which  a pipe 
leads  it  off  wherever  desired. 

Principles  of  construction.— It  was  supposed  by  Appold,  the  in- 
troducer of  this  class  of  pumps,  that  the  effect  was  due  to  centrifugal 
force;  but  careful  investigation  has  shown  that  the  action  is  precisely 
that  seen  reversed  in  the  turbine  water-wheel. 

The  best  form  of  fan  or  vane  has  been  found  to  be  that  of  which  the 
trace  on  the  plane  to  which  the  axle  is  vertical  is  a spiral,  having  pro- 
portions determined  in  each  case  by  the  height  of  lift  and  velocity  of 
revolution. 

The  pn»blem  involved  in  designed  water-elevators  of  this  class  may 
be  stated  in  few  words.  The  direction  of  the  current  passing  through  the 
machine  and  the  direction  of  movement  of  the  impelling  surface  should 
be  so  related  at  each  instant  that  the  force  due  to  a change  of  motion  of 
every  particle  from  that  of  the  normal  to  the. direction  of  impelling  mo- 
tion shall  be  grtrater  than  that  due  to  the  actual  change  of  motion  pro- 
posed, and  this  relation  should,  further,  be  such  that  the  work  done  in 
producing  the  actual  change  shall  be  the  least  possible.  When  those 
conditions  are  all  fulfilled,  every  particle  of  the  fluid,  filways  taking  the 
path  of  least  resistance,  finds  that  path  which  produces  the  required 
ultimate  change  of  position  w ith  least  expenditure  of  energy. 

The  form  of  the  impelling  surface  and  the  path  of  the  fluid  particles 
are  evidently  peculiar  in  every  instance,  and  are  determined  by  the  con- 
ditions of  the  individual  case. 

The  proper  form  of  the  blades  of  the  pumi)  resembles  the  Archimedean 
spiral  in  sections  taken  in  the  plane  of  its  revolution,  and  is  approxi- 
mately trapezoidal  in  its  development  on  a plane  passing  through  the 
axis. 

The  generally  admitted  advantages  of  these  pumps  are,  that  they  are 
of  small  volume  and  weight,  and  at  the  same  time  have  vast  capacity 
under  small  lifts;  they  are  of  the  simplest  possible  construction;  their 
motion  is  continuous,  and  hence  they  are  not  liable  to  injury  or  loss  of 
effect  by  shock  ; they  elevate  water  containing  small  solid  or  semi-fluid 
bodies  without  difficulty ; they  are  fairly  economical  of  power,  and  are 
of  very  low  cost,  as  compared  with  reciprocating-pumps. 

These  machines  have  an  importance  which  does  not  seem  to  have  been 
fully'  appreciated,  and  it  has  hence  occurred  that  very  few  have  been  con- 
structed correctly. 

The  principles  of  design  are  closely  related  to  those  involved  in  the 
design  of  turbine  wheels.  To  secure  maximum  efficiency,  the  pump 
must  be  so  formed  and  proportioned  that  the  water  shall  enter  it  with 
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oat  shock ; shall  receive  as  nearly  as  possible  a uniformly  accelerated 
velocity  5 shall*  have  the  shortest  possible  path  ; shall  make  no  sudden 
change  of  direction  or  velocity,  and  shall  finally  emerge  into  the  delivery- 
pipe  with  a velocity  somewhat  exceeding  that  due  the  head  of  water 
incumbent  upon  it. 

For  a good  form  of  pump,  in  which  the  interior  radius  is  about  0.5  the 
exterior,  the  velocity  of  the  circumference  has  been  found  to  be  satis- 
factory at  1.2  that  due  the  height  of  elevation,  and  at  the  interior 
about  0.6. 

As  the  velocity  of  the  entering  stream  is  obtained  by  suction,  it  can- 
not exceed  that  due  the  pressure  of  the  atmosphere.  It  forms  a part  of 
head-resistance,  therefore,  equal  in  all  cases  to 

and  this  must  be  added  to  the  head  H,  under  which  the  pump  works* 
The  maximum  velocity  is,  therefore,  that  due  to  about  34-feet  head,  and 
is  obtained  when  the  pump  is  set  at  water-level.  For  any  other  case, 
the  maximum  velocity  is  reduced  by  the  height  of  suction. 

For  excessive  heights,  the  lift  should  be  divided,  and  two  or  more 
pumps,  set  one  above  another,  to  re-enforce  each  other  at  regular  inter- 
vals. 

In  laying  out  the  form  of  the  vanes,  it  is  simply  to  be  remembered 
that  the  path  of  the  water  is  a resultant  of  the  direction  of  motion  of 
the  water  and  of  the  pump  itself,  and  that  it  must  be  made  as  smooth 
anil  direct  as ’possible. 

In  construction^  smoothness  of  surfaces,  uniform  variations  in  section 
of  water-passages,  accurate  reproduction  of  the  forms  laid  out  by  the 
designer,  and  ample  bearing-surface  in  journals  are  the  main  require- 
ments. 

In  operation^  the  pump  should  be  driven  smoothly  and  with  perfect 
regularity  at  the  speed  best  adapted  to  the  lift.  The  pump  should 
always  be  placed  as  low  as  possible,  to  reduce  height  of  suction  and  to 
secure  maximum  delivery. 

203.  The  Gwynne  centrifugal  pump. — The  most  interesting  col- 
lections of  centrifugal  pumps  at  Vienna  were  those  of  Messrs.  J.  & H. 
Gwynne,  and  Gwynne  & Go.,  of  London. 

These  pumps  (Fig.  81)  are  built  in  large  numbers  by  these  firms.  Both 
firms  exhibit  in  their  designs  great  strength,  solidity,  and  neatness  of  pro- 
portions. They  are  claimed  to  be  efficient  under  heads  ranging  up  to  1 00 
feet,  and,  in  at  least  one  instance,  they  have  been  actually  used  in  the 
water-supply  of  a large  town  in  two  lifts  under  a head  of  65  feet  each. 

J.  & H.  Gwynne  cast  their  foundation-plate  in  one  piece  with  the 
connecting-pipe  and  standard,  thus  securing  greater  rigidity  and  steadi- 
ness in  working,  and  permitting  the  pump-case  to  be  removed  without 
disturbing  the  suction-pipes.  This  seems  a comparatively  cheap  method 
of  constructing  also.  The  spindles  are  of  steel  running  in  bearings  in 
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which  careful  provision  has  been  made  for  elfective  lubrication.  The 
foundation-plate  is  moderately  heavy.  The  motion  of  the  pumi»  is  con- 
tinuous,  and,  when  well  balanced,  iTce  from  Jar.  It  is,  however,  dillicult 
to  make  the  balance  so  perfect  that,  at  the  great  speeds  at  which  they 
are  driven,  they  shall  bo  entirely  without  shake,  and  a good  foundation 
is  desirable.  For  small  sizes,  two  heavy  beams  are  generally  used  to 
carry  the  pump.  For  larger  sizes,  brick  or  stone  foundations  should 
always,  where  possible,  be  provided.  In  soft  ground,  piles  make  a cheap 
and  very  good  support. 

These  pumps  have  as  few  and  as  gradual  changes  of  section  in  their 
pipe  as  can  well  be  given.  A change  of  transverse  section  always  causes 
some  loss.  A sudden  change  in  the  area  of  cross-section  is  liable  to 
produce  a marked  decrease  of  emciency.  The  action  of  the  pumps  here 
referred  to  must  be  unusually  perfect  if,  as  clainKul  by  their  makers,  the 
larger  size  will  give  satisfaction  when  set  with  a suction  of  28  feet  ver- 
tically. A very  important  requisite,  ample  width  of  driving-pulley, 
seemed  U)  have  been  provided. 

Several  styles  and  sizes  are  imule,  in  which  the  driving-engine  and 
pniii])  are  on  the  same  bed*plato.  iSuch  a combination  liiids  inau,\  ap- 
plications in  ordinary  engineering  operations,  and  it  is  generally  coming 
into  use  as  a “ circulating-pump ’M'or  steam-engines  with  surface-con- 
densers. In  this  arrangement  the  engine  is  coupled  directly  to  the 
pump-shaft  without  belting  or  other  intermediate  mechanism  of  trans- 
mission, and  are  given  a somewhat  greater  diameter  than  would  be  con- 
sidered best  were  it  convenient  to  give  the  speed  of  rotation  attainable 
where  drivifig  by  belts.  Some  of  these  pumps  are  mounted  on  wheels 
for  convenience  of  transimrtation.  In  one  example,  the  axis  of  the 
pump  coincides  with  that  of  the  supporting  wheels,  and  it  can  rotate 
about  that  axis,  taking  any  position  which  may  best  suit  the  directions 
of  suction  and  di.scharge  pipes. 

204.  Pumps  at  Ferrara,  Italy.— The  exhibitors  first  named  have 
built  a set  of  immense  centrifugal  pumps  for  the  purpose  of  draining  the 
Ferrara  marshes  of  Italy,  which  cover  an  area  of  two  hundred  square 
miles,  and  from  which  they  are  expected  to  be  capable  of  lifting  2,000 
tons  of  water  per  minute  to  a height  of  12  feet  as  a maximum.  The 
mean  lift  will  be  7J  feet.  Eight  pumps  are  to  do  this  immense  work. 
They  are  arranged  in  pairs,  each  pair  driven  by  a compound  engine.  The 
diameter  of  the  disks  of  the  pumps  is  5 feet,  that  of  the  pipes  ^ feet. 
The  casing  is  15  feet  in  diameter.  The  driving-engines  have  cylinders 
27 J and  4G|  inches  diameter,  with  a stroke  of  piston  of  2:^  teet. 
The  cylinders  arc  steam-jacketed.  The  cranks  are  so  placed  as  to  make 
an  angle  of  180^  with  each  other.  Surface-condensers  arehsed  of  7a0 
square  feet  of  cooling-surface  each.  Steam  is  supplied  by  ten  boilers, 
each  having  30  square  feet  of  grate  and  730  sciuaro  feet  of  heating-sur- 
face. These  are  probably  the  largest  ceiitrilugal  pumps  and  the  most 
powerful  set  of  puniinng-<api)aratu8  ever  constructed. 
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The  senior  of  these  two  firms,  Gwyune  & Co.,  make  not  only  the  cen  - 
trifngal  pump,  of  which  they  are  the  original  patentees,  but  very  good 
gas-exhausters.  Their  merit  was  fully  appreciated  j they  were  given  a 
high  award  by  the  jury. 

205.  Mr.  J.  Bernay,  of  London,  exhibited  a centrifugal  pump,  built 
from  his  designs  by  Messrs.  Owens  & Co.,  in  which  a passage  is  cut 
from  the  delivery  to  the  suction  leading  through  the  shaft-bearings, 
and  thus  keeping  the  latter  cool  by  the  circulation  of  water  through 
them. 

The  arms  or  vanes  are  carried  between  two  disks  which  have  a bear- 
ing against  the  sides  of  the  casing  along  two  rings,  concentric  with  the 
axis,  the  intention  of  this  arrangement  being  to  present  the  usual  loss 
of  power  from  the  friction  of  the  liquid  between  side  disks  and  casing 
by  reducing  the  pressure  there.  The  suction-pipe  divides  when  it  meets 
the  pump,  and  the  water  enters  at  each  side  through  orifices  concentric  • 
with  the  axis,  an  arrangement  now  frequently  adopted  by  other  build- 
ers. This  arrangement  for  keeping  the  bearings  cool  will  probably  be 
found  very  useful  at  such  great  speeds  as  are  necessary  with  small 
pumps  running  under  great  heads.  Under  more  favorable  conditions 
as  to  speed,  it  will  probably  be  found  that  the  greater  economy  of  power 
when  the  bearings  are  of  good  length,  and  well  lubricated  in  the  usual 
way,  will  be  an  important  consideration,  while,  with  proper  proportions 
and  good  management,  liability  to  heat  need  not  be  apprehended. 

The  arrangement  for  reducing  friction  between  the  surfaces  of  the 
disks  and  casing  and  the  intervening  layer  of  water  by  simply  taking 
off  all  pressure  will  probably  be  found  of  less  value  than  was  antici- 
pated, unless  the  experiments  of  General  Morin,  which  indicated  fluid- 
friction  to  be  independent  of  the  pressure,  are  less  reliable  than  is  gen- 
erally supposed.  The  liability  to  severe  grinding  between  the  two  me- 
tallic surfaces  where  contact  is  made,  and  at  the  great  relative  speed 
at  which  they  run,  is  a somewhat  unpromising  feature.  The  slightest 
amount  of  gritty  material  passing  through  the  pump  wmuld  entirely 
destroy  the  smoothness  of  all  rubbing-surfaces,  and  with  bearings  cut- 
ting and  the  disk  grinding  against  the  casing,  the  pump  would  be  likely 
to  be  quickly  injured  beyond  repair. 

206.  In  the  French  section,  the  centrifugal  pumps  of  MM.  Neut  et 
Dumont  formed  the  most  interesting  collection.  In  these  pumps,  the 
vanes  are  in  form  more  nearly  in  accordance  with  correct  principles 
than  were  those  of  some  of  the  other  pumps  exhibited.  They  were 
regularly  curved  from  heel  to  tip,  and  were  usually  comparatively  short. 
Four  of  them,  however,  extended  to  the  axis,  forming  arms  by  which 
the  whole  set  were  carried.  The  water  entered  on  each  side,  thus  bal- 
ancing horizontal  pressures  on  this  axis. 

The  arrangement  for  preventing  the  entrance  of  air  through  the  stuff- 
ing-boxes of  the  shaft  was  quite  neat,  resembling  somewhat  the  “ lan- 
tern brass  ” of  the  steam-engines  of  a few  years  ago.  A space  is  formed 
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within  the  journal  which  stands  full  of  water.  Out  of  this  space  rises  a 
small  pipe  which  leads  to  the  main  pipe.  Any  air  entering  through  the 
stufiing-box  bubbles  up  through  this  sinall  pipe  instead  of  passing 
through  iuto  the  pump.  One  of  the  most  noticeable  arrangements  in  this 
collection  is  that  for  great  lifts,  in  which  two  pumps  are  used,  the  one 
re-enforcing  the  other.  The  water  enters  one  i)ump  and  is  driven  by  it 
into  the  second,  which,  in  turn  forces  it  into  the  main  under  maximum 
pressure. 

Dr.  F.  A.  P.  Barnard,  in  his  valuable  report  on  the  machinery  of  the 
Paris  Exposition  of  1867,  describes  this  arrangement  as  exhibited  there 
by  Coignard  Co.,  and  calls  attention  to  the  fact  that  its  successful 
application  is  a proof  of  the  entire  incorrectness  of  the  idea,  until  lately 
entertained,  that  this  class  of  pumps  is  dependent  upon  the  action  of 
centrifugal  force  for  lifting-power. 

. The  details  of  these  pumps  are  unusually  well  considered.  The 
driving-pulleys  are  covered  with  India  rubber  to  prevent  slip,  as 
proposed  in  the  United  States  by  Mr.  Sutton,  of  New  York.  The 
journals  have  large  bearing-surfaces  and  are  lined  with  anti-friction 
metal.  The  shaft.s  are  of  steel,  as  are  those  of  the  best  makers  of  other 
countries.  The  entrance  of  solid  substances  between  the  revolving 
disk  and  the  casing  is  prevented,  by  properly-placed  rabbets.  The 
pumps  seemed  well  proportioned  and  well  made,  and  their  builders 
have  evidently  succeeded  in  doing  a large  amount  of  business. 

The  experiments  of  M.  Tresca  show  a useful  effect  of  from  GO  to  70 
per  cent.,  the  former  being  the  more  usual  results  for  n»oderate  sizes, 
and  the  latter  being  sometimes  reached  with  large  pumps  steadily 
working,  as  in  supplying  cities  with  water. 

207.  In  THE  CoiONARD  PUMP  the  water  enters  a cavity  which  sepa- 
rates the  two  disks  which  the  pump  contains,  and  the  current,  dividing, 
enters  at  the  middle  or  either  side.  The  arrangement  resembles  some- 
what a pair  of  the  older  sort,  in  which  both  disks  are  set  on  the  same 
arbor.  This  double  disk  neutralizes  the  lateral  pressure  of  the  entering 
current,  aud  this  design  also  takes  aw'ay  all  dilUculties  arising  from  the 
existence  of  shaft  stufling-boxes,  where  they  may  permit  the  entrance 
of  air  to  the  suction-side  of  the  pump.  The  form  of  vanes  is  spiral, 
only  two  in  number,  and  of  considerable,  length.  The  water  is  not 
thrown  out  iu  the  plane  of  rotation,  but  passes  off  laterally  at  the 
periphery  of  the  disk  iuto  the  main  pipe.  The  current  is  thus  divided 
from  the  moment  of  entrance  to  that  of  exit,  and  the  designer  claims  to 
have  .succeeded  in  avoiding  a considerable  loss  of  energy  which  takes 
place  in  the  other  forms  of  pump  in  consequence  of  the  collision  of  the 
double  stream  entering  the  pump  aud  meeting  at  the  center.  The  pump 
has  given  good  results. 

208.  Messrs.  Nagel  & Kae^o*,  of  Hamburg,  exhibited  centrifugal 
pumps,  with  the  turbines  already  described.  The  pumps  raised  water 
into  reservoirs,  from  which  the  wheels  were  supplied.  This  pump  was 
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the  only  one  exhibited  in  which  guide- buckets  were  used,  the  general 
plan  closely  resembling  that  of  the  turbine.  The  exhibitors  claim  a 
considerably  improved  performance  as  the  result  of  this  arrangement, 
but  do  not  give  reliable  data  relating  to  their  performance.  Messrs. 
Nagel  '&  Kaemp  do  not  use  check- valves  on  the  suction-pipes 
of  their  pumps,  but  fill  them  at  starting  by  means  of  a jet-pump 
resembling  somewhat  the  Giffard  injector,  an  arrangement  which  is 
probably  better  than  a leaky  valve,  but  vastly  more  inconvenient  and 
also  more  expensive  than  a simple  float-valve,  where  the  latter  can  be 
kept  in  good  order. 

209.  The  Schiele  pump. — In  another  design,  the  Schiele  pump,  also 
exhibited  in  the  German  section,  the  vanes  or  pallets  are  not  fixed 
between  two  disks,  but  revolving  unsupported  except  by  the  shaft,  and 
the  current  of  water  is  confined  laterally  by  the  casing  of  the  pump. 
This  plan  would  seem  likely  to  cause  unlimited  trouble  when  pumping 
water  laden  with  sand  or  other  gritty  material,  which,  entering  between 
the  vanes  and  the  casing  and  cutting  away  both,  would  rapidly  reduce 
the  eflSciency  of  the  pump. 

210.  The  most  radical  and  perhaps  most  interesting  departure  from 
the  usual  form  of  the  centrifugal  pump  was  that  of  Messrs.  Boulton 
& Imray,  exhibited  in  the  British  section.  The  shaft  carries  a cylin- 
drical barrel,  on  the  exterior  of  which  is  a set  of  straight  vanes,  quite 
closely  pitched.  This  is  set  in  a casing  which,  as  the  name  indi- 
cates, is  helical  in  form.  The  current  enters  the  casing  in  a tangent 
line  and  follows  a helical  path,  sweeping  around  its  circumference  and 
along  the  casing  in  an  axial  direction,  crossing  the  orbit  of  the  revolving 
blades  which  give  it  its  motion,  and  finally  emerges  through  a second 
opening,  also  tangent  to  the  cylindrical  casing.  The  action  of  the  vanes 
or  buckets  is  similar  to  that  of  the  floats  of  the  common  steam- v^essel’s 
paddle-wheel.  The  general  design  bears  some  resemblance  to  that  of 
the  pump  of  Andrews  & Brother,  so  well  known  in  theIJnited  States.  One 
of  the  important  differences,  however,  is  that  in  the  latter  the  helix  is 
also  spiral,  while  in  the  former  the  line  traversed  by  the  current  is  at 
all  times  equidistant  from  the  axis  and  is  a true  helix  j the  current  en- 
ters and  is  discharged  at  the  same  distance  from  the  axis.  In  this  case 
the  action  is  evidently  a direct  one,  and  the  fact  that  centrifugal  pumps 

are  misnamed  is  well  indicated  by  this  simple  illustration  of  the  real 
action — that  of  pressure. 

At  Vienna  this  pump  was  driven  by  a three-cylinder  steam-engine. 
It  worked  smoothly  and  well,  but  no  statistics  of  performance  were  ob- 
tainable. 

211.  Special  adaptations  of  the  centrifugal  pump.— The  cen- 
trifugal pump,  so  called,  is  not  capable  of  giving  very  high  duty  on  even 
moderate  lifts,  and  cannot  compete  in  duty  with  those  of  positive  action 
under  such  conditions.  Its  proper  place  is  where  low  lifts  and  large 
masses  of  water  are  found.  Here  it  does  excellent  duty,  and  in  cases  of 
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uiioxcoptionally  low  lifts  and  great  volume  it  even  exceeds  other  forms 
of  pumps  in  efficiency.  Its  low  cost,  its  cheapness  of  “ installat'on,’’  its 
lightness  and  portability  all  combine  to  make  it  the  only  typo  of  pump 
fitted  for  such  work.  Manufacturers  of  these  ])umps,  however,  are  nat- 
urally exceedingly  anxious  to  compete  with  builders  of  pumping-en- 
gines of  other  kinds,  and  vie  with  each  other  in  the  endeavor  to  secure 
contracts,  oven  where  the  pump  is  (piite  uufitted  for  the  work.  As  the 
duty  given  is  too  low  to  permit  a reference  to  it  in  such  cases,  they  usu- 
ally avoid  even  its  measurement,  relying  upon  the  real  and  undeniable 
advantages  of  the  pump  to  secure  its  selection  in  spite  of  its  lower  effi- 
ciency. In  very  raaii}^  cases,  even  whore  the  lift  is  considerable,  cheap- 
ness of  first  cost,  portability,  and  compactness  are  more  important  than 
extreme  economy  of  power  and  fuel.  The  centrifugal  pump  has,  there- 
fore, a wide  field,  and  builders  find  a ready  market  for  all  of  the  best 
designs,  and  they  are  now  constructed  in  immense  numbers. 

There  is  evidently  still  room  for  improvement,  but  American  builders 
are  not  behind  foreign  makers.  Were  the  principles  of  the  machine 
more  generally  understood,  we  might  expect  more  rapid  changes  and 
much  better  results. 
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CHAPTER  X. 


METAL  AND  WOOD  WORKING  MACHINERY. 

Metal-working  machinery  at  Vienna;  European  copies  of  machinery  from 
THE  United  States  ; Comparison  of  British  and  American  practice  in  tool- 
making; British  authorities  on  American  metal-working  tools;  Tools  op 
Sellers  & Co.,  of  Philadelphia,  their  lathes,  methods  of  work,  and  princi- 
ples OF  practice;  Lathe-construction;  The  spindle;  The  cone-pulley; 
Weight  and  strength  of  shafting  ; Description  of  the  Sellers  gear-cutter 
AND  slotting-machine;  The  Pratt  & Whitney  Company’s  (Hartford,  Conn.) 
shaper,  profiling-machine,  milling-machines,  gang-drill,  revolving-head- 
screw  machine,  engine-lathe,  cutter-grinder,  die-sinking  machine,  chucking- 
machine,  planer,  and  special  tools  ; The  Browne  & Sharpe  Manufacturing 
Company’s  screw-machines  and  milling-machines  ; The  Stiles  & Parker  drop- 
presses  AND  power-punches;  British  opinion  of  American  machine-tools; 
Comparison  of  British  and  American  methods  ; Webb’s  wheel-finishing  ma- 
chine ; Other  British  exhibits  ; Opinion  of  an  Artisan  reporter  ; French 
metal-working  tools;  Swiss  tools ; Other  European  exhibits;  Wood-work- 
ing tools  ; General  character  of  exhibits  ; American  wood-working  tools  ; 
B.  D.  Whitney’s  pail-making  machinery,  gauge-lathe,  scraper,  band-saw  ; 
Richards,  London  & Kelley’s  band-saw;  History  of  the  band-saw;  Hall’s 
dovetailing-machine,  “sudden-grip”  vise;  .1.  H.  Fay  & Co.’s  tools;  British 
wood-working  tools  ; Tools  of  Ransome  & Co.,  Robinson  & Co.,  Worssam  & 
Co..  Powis,  James  & Co. ; French  wood-working  tools  ; Perin  & Co.’s  band- 
AW ; Arbey  & Co.’s  planing-machine  ; Austrian  wood-working  machinery  . 

212.  Metal-workeng  machinery  at  Vienna  occupied  a large  part 
ol  the  space  appropriated  to  the  United  States  as  well  as  that  of  Euro- 
pean countries,  and  it  is  in  this  department  of  industry  that  we  observed 
the  closest  competition  and  the  finest  display  of  inventive  talent  and  of 
mechanical  skill. 

The  principal  attraction  to  the  professional  visitor  was  found  in  the  ex- 
hibits of  the  firms  of  Sellers  & Co.,  Browne  & Sharpe  Manufacturing  Com- 
pany, Pfatt&  Whitney  Company,  and  a few  others  from  theUnited  States ; 
of  Messrs.  Sharpe,  Stewart  & Co.,  Ransome  & Co.,  and  one  or  two  other 
British  firms,  and  of  Messrs.  Duconun  & Co.,  of  France,  all  of  whom 
exhibited  machinery  distinguished  for  strength,  neatness  of  design,  and 
excellence  of  material  and  of  workmaushii).  These  firms  have  also  largely 
discarded  the  high  polish  and  deep  scratches,”  which  were  once  the 
characteristics  of  much  of  the  work  turned  out  by  even  the  best  houses, 
and  have  adopted  the  less  flashy  but  far  better  tool-finish,  which  can 
now  be  so  readily  given  by  the  standard  machine-tools  of  the  best 
builders. 

There  was  a considerable  number  of  exhibitors  who  displayed  fine 
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looking  machine-tools,  but  they  rarely  gave  evidence  of  originality  in 
design,  and  a practiced  eye  and  the  hand  of  an  experienced  mechanic 
who  had  been  brought  up  in  the  recent  school  of  American  practice^ 
detected  readily  the  half-concealed  nie-niarks  and  the  inaccuracy  of 
lines  and  surfaces,  which  proved  them  to  have  been  built  under  a sys- 
tem which  is  out  of  date  on  our  side  of  the  Atlantic,  and  which  would 


not  be  found  had  they  been  made  by  good  machinery  in  skillful  hands 
and  finished  with  the  tools  which  are  now  standard  in  form  with  us. 

213.  European  copies  of  American  tools  were  seen  in  every 
section  of  the  Exhibition.  The  more  striking  innovations  made  by  our 
leading  mechanics,  where  they  had  been  previously  exhibited  at  Paris 
in  1867,  were  almost  iti variably  found  to  have  been  reproduced  by 
European  makers,  and  were  exhibited  at  Vienna  sometimes  with,  but 
ofteuer  without,  acknowledgment.  Soller8\s  planer,  with  its  peculiar 
cinematic  combination  of  woimi  and  rack,  was  one  of  these  tools.  The 
driving  and  the  reversing  mechanism  were  both  seen  on  foreign  copies, 
and  the  machines  were  sometimes  placarded  SifHtdme  Sellers  as  an  evi- 
<lent  recommenilation.  Hrowne  Sharpens  tools  were  also  copied,  and 
all  of  the  systems  of  sewing-machine  combination  were  found,  \\\  fac  simile 


of  American  machines,  among  the  exhibits  of  European  nations. 

It  seemed  the  usual  practice  of  continental  finns  to  copy,  with  as 
great  exactness  as  possible,  the  standard  designs  of  British  and  Ameri- 
can builders.  In  a few  cases  tl»e  copy  was  modified  to  suit  the  ideas  of 
the  co[>yist  or  to  suit  his  market.  Such  cases,  however,  rarely  exhibited 
success  in  the  attempt  to  improve,  and  evwy  departure  from  the  stand- 
ard design  was,  iii  most  cases,  an  evident  error  on  the  part  of  the 
maker. 

There  were  very  few  tools  by  continental  makers  which  were  nearly 
equal  to  those  of  the  firms  first  above  mentioned,  and  the  adv'auces  made 
by  the  latter  since  1867  were  quite  lost  to  the  former.  The  tools  now 
exhibited  by  our  manufacturers  are  used  as  models  in  their  turn,  and 
form  the  starting-point  for  a new  departure.  A considerable  number  of 
American  tools  w’ere  sold  to  continental  makers,  and  are  probably  to  be 
copied  at  once  for  the  European  markets.  The  character  of  the  work 
done  by  the  firms  named  was  fully  appreciated  by  the  members  of  the 
International  Jury,  one  of  whom,  a distinguished  authority  in  Europe, 
pronounced  them  “the  leading  constructors  of  the  world.”  The  tools 
most  frequently  copied  were  the  Sellers  .plauer,  the  Browne  & Sharpe 
universal  milling-machine,  and  the  screw-cutting  machine  of  the  Pratt 
& Whitney  Company. 

214.  British  and  American  rRAOTicE  in  tool-making  differs 
somewhat,  but  each  nation  excels  in  some  respects.  The  British  build- 
ers put  more  metal  and  less  ingenuity  into  their  tools;  while  the  Ameri- 
can makers  of  tools  are  often  distinguished  fora  combination  of  strength 
with  lightness,  and  for  a degree  of  ingenuity  in  adapting  the  machine 
to  its  work,  which  appears  to  the  unfamiliar  observer  very  remark- 
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. The  tendency,  however,  of  practice  on  both  sides  the  Atlantic  is 
toward  making  heary,  strong  frames,  free  from  useless  irregularities, 
and  entirely  without  ornament  of  any  kind ; the  finish  is  more  generally 
given  by  the  smooth  cut  of  a well-formed  and  properly-adjusted  machine- 
tool,  and  all  parts  are  made  to  exact  size  and  precisely  alike,  in  dupli- 
cating for  other  machines,  by  the  use  of  very  accurate  gauges. 

The  British  practice  of  building  their  machinery  so  very  substantially 
is  one  which  every  one  admires,  and,  at  first  thought,  approves,  and  yet 
it  may  well  be  questioned  whether  it  is,  ail  things  considered,  good 
policy  in  general  work.  In  every  branch  of  manufactures  changes  are 
continually  occurring,  and  improvements  are  being  made  unceasingly. 
A time  invariably  comes  when  the  owner  of  the  almost  imperishable 
machine  cannot  afford  to  keep  it  working,  but  must  purchase  a more 
modern  machine,  which  will  do  the  same  work  so  much  more  cheaply 
that  it  will  save  its  own  cost  in  a very  short  time.  The  length  of  work- 
ing-life remaining  in  the  older  machine,  when  it  is  thrown  away  to  give 
place  to  the  improved  form  of  tool,  is  then  representative  of  a certain 
amount  of  capital  which  is  wasted.  This  loss  is  a very  frequently- 
occurring  one,  but  it  is  a more  serious  matter  in  new  countries  than 
among  older  and  wealthier  nations. 

Where  both  capital  and  labor  are  plentiful  and  comparatively  cheap 
and  where  ingenuity  is  not  producing  very  rapid  changes,  machinery 
may  and  should  be  built  more  substantially  and  with  a view  to  longer 
life  than  where  labor  and  capital  are  held  at  a higher  price,  and  where 
improvements  are  rapidly  succeeding  each  other. 

Within  a few  years  manufacturers  in  the  United  States  have  learned 
that  the  only  way  to  produce  cheaply  and  to  make  their  wares  as  excel- 
lent in  quality  as  is  demanded  by  the  consumer,  and  yet  to  secure  a fair 
profit,  is  to  manufacture  in  considerable  numbers  machines  that  are  pre- 
cise tac-similes  of  each  other  in  design  and  dimension.  They  have  found 
it  necessary  to  displace  manual  labor  by  machinery  and  to  make  every 
part  to  a standard  gauge.  Of  this  kind  of  work  the  sewing-machine  and 
gun-making'  trades  afford  the  best  illustrations.  The  sewing-machine, 
which  now  costs  the  manufacturer  $12  or  $15,  could  probably  not  be 
made  under  the  now  obsolete  system  for  less  than  $30,  or  perhaps  even 
$40.  Tire  military  rifle  which  is  now  placed  in  the  hands  of  the  soldier 
is  made  with  equal  economy.  The  benefit  of  this  change  inures  to  both 
producer  and  consumer.  The  former  is  able  to  manufacture  and  to  sell 
in  such  large  quantities  and  with  so  little  incidental  trouble  and  expense 
that  his  profits  are  larger  in  the  aggregate  than  the  amount  of  his  cap- 
ital  could  have  produced  for  him  under  the  old  system.  The  consumer 
receives  the  product  at  a vastly  lower  price,  and  many  people  who  could 
not  purchase  at  all  at  the  higher  price  cannot  afford  to  decline  purchas- 
ing at  the  lower  cost. 

In  Great  Britain  there  is  less  seen  of  this  method  of  manufacturing, 
but  the  practice  is  gradually  becoming  established,  and  is  now  adopted 
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by  the  more  enterprising  tirins.  They  are  not  as  well  prepared,  bow- 
ever,  to  prolit  by  tlio  advantages  wliieh  it  oilers  as  their  Atuerican  com- 
l)etitor8.  They  have  less  of  that  ingenuity  and  that  originality  which 
have  become  so  well  known  as  characteristic  of  onr  people,  and  which, 
encouraged  by  our  excellent  system  of  patent-laws,  has  enabled  the 
latter  to  make  such  remarkable  progress,  and  consequently  their  stand- 
ard machinery  usually  lacked  that  remarkable  elegance,  symmetry,  com- 
pactness, and  fineness  of  tool-linish  which  is  seen  in  the  best  work  pro- 
duced in  the  United  States. 

The  standard  tools  of  continenral  builders  are  such  as  were  accepted 
standards  among  our  own  tool-makers  a few  years  ago,  and  it  seems  to 
have  been  the  fact,  from  the  first,  that,  while  closely  following  British 
and  American  practice,  they  are  always  somewhat  l)ehind  them.  Our 
metliod,  of  establishing  standard  designs  and  building  in  quantity,  makes 
it  a more  serious  matter  to  make  a change  than  under  the  old  system, 
which  enabled  the  change*  to  be  made  without  incurring  much  additional 
expense,  and  this  fact  makes  it  more  dillicult  for  the  continental  builderto 
make  such  change. 

When  the  European  patent-code  shall  have  boon  intelligently  re- 
modeled and  brought  into  the  form  whieh  experience  in  the  United 
States  has  shown  to  be  so  enhdeiit,  atid  when  European  workmen  shall 
have  obtained  such  a soc.ial  position  and  have  received  such  a traiuiug 
that  their  ingenuity  and  their  aiiibitioii  and  interest  in  their  work  shall 
have  brought  up  the  eharaeter  of  workmanship,  as  well  as  that  of  the 
workman,  European  makers  may  be  expected  to  stand  fairly  beside  their 
Anglo-Saxon  competitors.  It  is  of  the  same  material  that  we  make  a 
.large  proimrtioii  of  onr  workmen;  the  material  is  good,  and  only  re- 
quires proper  stimulus  and  training. 

215.  British  opinion  of  American  tools. — The  merit  of  the  tools 
exhibited  in  the  Unitetl  States  section  was  fully  a])preciated  and  cor- 
dially artirmed  by  all  foreign  critics.  London  Eiigiiieeriiig  remarks: 

“ Machine-tools  of  all  kinds  form  a very  important  section  of  the  ex- 
hibits collected  iti  the  machinery-hall  at  Vienna,  and  there  is  probably 
no  class  in  which  the  examples  shown  are  so  numerous.  The  tiumher  ot 
instances  in  wdiicli  real  originality  of  design  is  shown  is,  however,  tar 
from  being  groat,  and  where  it  does  exist,  it  far  more  generally  shows 
itself  in  the  improvement  of  constructiv'e  details  rather  than  in  the  intro- 
duction of  machines  of  entirely  new  types.  For  the  number  ot  machines 
it  includes,  there  is  in  fact  no  collection  of  U)ols  in  the  Machinery-Hall 
which  can  compete  for  real  originality  of  construction  with  that  to  be 
found  in  the  American  section.  Setting  aside  the  wood-working  ma- 
chinery, which  we  intend  to  treat  in  separate  articles,  we  have  in  this 
section  three  chief  exhibitors,  namely,  Messrs.  W.  Sellers  & Co.,  of 
Philadelphia,  Messrs.  Pratt  & Whitney,  of  Hartford,  and  the  Browne  & 
Sharpe  Manufacturing  Company,  of  Providence,  all  ol  whose  exhibits 
will  well  repay  careful  examination. 
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‘‘Messrs.  W.  Sellers  & Co.,  of  Philadelphia,  are  well  known  as  the 
Whitworths  of  America,  and  their  exhibits  at  Vienna  well  sustain  their 
reputation,  both  by  their  designs  and  the  excellence  of  their  workman- 
ship.” 


Fig.  83. — The  Sellers  planer — section  of  bed  and  driving-screw  ; elevation  of  cross- 
head and  feeds. 


216.  The  most  striking  and  most  important  of  the  exhibits  of  Messrs. 
Sellers  & Go.  were  their  standard  planer  and  their  lathes,  the  new  re- 
volving puddling-furnace,  a set  of  rolls,  and  one  of  their  steam-hammers. 
They  were  all  well  placed  and  well  exhibited,  and  were  inspected  care- 
fully by  every  visitor  at  all  interested  in  such  subjects.  Their  neatness 
of  design,  simplicity  of  combinations,  excellence  of  proportions  in  detail, 
and  beautiful  material  and  finish  were  unexcelled  by  anything  found  in 
Machiuery-IIall.  Comparing  these  machines  with  the  copies  found  in 
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Other  sections,  and  which  were  intended  to  be  fac-siiniles,  the  difference 
already  alluded  to  between  the  practice  of  the  two  classes  of  iiiachine' 
makers  was  seen  in  a very  marked  degree.  It  should,  injustice  to  the 
atter,  be  said,  howev(‘r,  that  a few  of  the  copies  were  very  creditable 
pieces  of  work. 


Fig.  84. — The  Sellers  phiuer — aide  elevation. 


217.  The  Sellers  planing-machine  (Fig.s.  8:i-8S)  is  so  well  known 
that,  were  this  report  to  be  read  only  by  tool -builders,  it  would  he 
entirely  unnecessary  to  describe  it,  but,  for  the  benefit  of  the  reader 
wlio  is  less  familiar  with  its  peculiarities,  it  may  be  advisable  to  describe 
it  in  some  detail. 

The  frame,  as  shown  in  the  figures,  (83  and  84,)  is  of  the  usual  general 
shape,  but  it  is  exceptionally  neat  and  light,  yet  strong  and  rigid  ; the 
bed  is  solid  and  stiff,  and  the  table  is  well  arranged  for  the  securing  of 
the  work  upon  it.  The  table  is  driven  by  a worm,  Fig.  85,  of  which 
the  axis  extends  diagonally  across  the  machine,  and  which  geais  into  a 
rack  secured  in  the  usual  position  beneath  the  table.  The  teeth  of  this 
rack  are  not  set  at  right  angles  to  its  length,  as  is  usual,  and  the  inclina- 
tion of  its  axis  is  such  that  the  thread  ot  the  worm  lies  fairly  between  the 
rack-teeth.  An  examination  of  the  cinematic  action  of  this  combine 
tion  will  show  that  it  gives  approximately  a rolling  contact,  and  that 
the  friction  and  wear  are  consequently  reduced  to  a minimum.  This  is 
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well  illustrated  by  a model  shown  the  writer  by  the  makers  a considera- 
ble time  before  their  appearance  as  exhibitors.  It  is  this  happy  applica- 
tion of  this  geometrical  combination  that  enables  the  makers  to  dispense 
with  the  trouble  and  annoyance  incident  to  the  lubrication  of  the  driving, 
mechanism  of  the  usual  form  of  planer.  The  transmission  ot  the  motion 
of  driving-pulleys  to  the  worm-shaft  is  elfected  by  bevel  gearing  so  set 
that  the  shaft  of  the  former  lies  in  a line  parallel  with  the  side  of  the 
planer-bed.  In  tiie  case  of  the  planer  driven  by  rack  and  pinion,  the 


F,q.  Sf).— Soctioii  01  crosa-hoad  juhI  tool-holder. 

direction  of  this  shaft  is  at  right  angles  with  the  fore-and-aft  line 
of  the  macliiiio,  and  the  tool  ninst  be  sot  at  right  angles  to  the  line  of 


direction  of  the  other  kinds  of  tools  in  tlie  machine-shop.  The  ^^e  ers 
planer  stands  parallel  with  the  lathes  and  is  belted,  and  its  counter 
shaft  is  arranged  as  in  the  case  of  the  lathe. 
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The  belt-shifter  acts  upou  the  t^o  belts  alternately,  throwing  the 
driving-belt  upon  the  loose  pulley  before  the  other  belt  is  thrown  into 
action.  This  is  done  in  a neat  and  positive  manner  by  the  use  of  a 
sliding  cam-bar.  The  arrangement  saves  a great  deal  of  power,  of 
wear  and  tear  and  loosening  of  belting,  and  the  anno^^auce  incident  to 
the  occasional  catching  of  the  table  and  halting  at  reversal. 

The  feed-motion,  the  methods  of  raising  the  tool  on  the  return-stroke, 
and  all  other  details  are  equally  ingenious  and  efifectiv^e.  The  tool  only 
requires  the  addition  of  some  such  device  as  the  Whitworth  tool-holder, 
to  enable  it  to  do  work  on  the  return  of  the  table,  to  make  it  in  all  re- 
spects better  than  the  finest  tool  of  its  class  known  to  the  writer. 


Fig.  89. — Sellers  lathe-head — section. 


The  table  of  this  tool  affords  the  best  illustration  of  the  kind  of  machine- 
tool  finish  which  has  already  been  referred  to.  The  final  touch  is  given  by 
a broad  round-nosed  planing-tool,  with  a coarse  feed,  and  it  is  left  smooth, 
neat,  and  absolutely  plane. 

218.  The  Sellers  lathe  (Figs.  89-93)  is  another  excellent  ex- 
ample of  the  work  of  the  firm.  It  is  made  strong  and  stiff  by  the 
character  of  the  design,  rather  than  by  weight  of  metal.  It  has  the 
same  simplicity  of  form  and  neatness,  without  extravagance  of  finish, 
which  characterizes  the  planer,  and  embodies  some  valuable  peculiari- 
ties. The  spindles  are  identical  in  form  and  size,  and  are  ground  to 
finished  size  in  a machine  built  for  the  purpose,  and  in  considerable 
14  MA 
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miinbers  at  a time.  They  are,  of  course,  intercliaiifjeable.  The  feed- 
motion  is  adjustable  to  any  speed  within  certain  limits,  and  with  an 
accuracy  which  is  only  limited  by  the  skill  of  the  workman.  The 
adjusting-mechanism  consists  of  a set  of  mutually-acting  friction-disks, 
and  the  adjustment  is  ettected  by  altering,  as  is  found  advisable,  the 
relative  diameters  of  the  circles  of  contact  by  means  of  a small  handle 
provided  for  the  purpose.  The  back-stock  is  fitted  with  a clamp,  which 
draws  it  precisely  to  the  center-line,  even  though  a considerable  amount 
of  side-wear  on  the  shears  has  taken  place  before  it  is  secured  down. 
The  spindle  is  secured,  when  adjusted  in  contact  with  the  work,  by  a 
clamp  which  takes  on  both  sides,  and  thus  does  not  tend  to  throw  the 
dead-center  out  of  line. 


Fio.  90.— Sellers  lathe-head — idan. 


« 


210.  The  30.inch  engine-lathe  exhibited  by  Messrs.  Sellers  & Co.  is 
illustrated  in  the  accompanying  engravings.  It  has,  as  is  seen,  the  flat- 
topped  bed,  instead  of  the  ‘‘  shear with  V -shaped  guides,  a form  which 
permits  much  less  wear  than  the  latter.  Fig.  89  is  a sectional  view  of 
the  back-head,  cone-pulley,  and  feed-apparatus.  Fig.  90  exhibits  the 
same  part  of  the  lathe  in  plan,  and  shows  the  back-gear  in  section. 
Fig.  01  exhibits  the  construction  of  the  movable  head-stock,  with  the 
device  for  clamping  the  spindle;  and  Fig.  92  shows  the  same  parts  iu 
transverse  section.  The  sides  of  the  bed  are  connected  by  cross-girt  s 
at  intervals  of  each  2 feet  of  length ; these  have  an  I-section,  and  ex- 
tend from  the  base  of  the  bed  to  as  near  the  top  as  they  can  be  earned 
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without  coming  in  the  way  of  the  rest  and  back-head.  Fig.  93  shows 
the  construction  of  the  compound  slide-rest  and  its  accessories,  including 
longitudinal  and  cross-feed  motions. 


Fig.  91.— Sellers  lathe— poppet-head.  Fig.  92.— Sellers  lathe— section. 

220.  The  principles  and  methods  of  work  of  the  Messrs.  Sellers 
& Co.  aj*e  representative  of  those  of  our  best  tool-builders.  They  and 


others  have  effected  very  important  improvements,  within  the  last  ten 
or  fifteen  years,  by  careful  experiment  and  intelligent  study  of  the 
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])roblem8  involved  in  their  eoiKstriictions,  and  of  tlie  methods  adopted  in 
accomplishing  their  work. 

To  be  able  to  produce  a good  lathe,  it  is  riecessary  to  know  precisely 
what  is  demanded  of  this  tool.  It  must  be  made  as  rigid  as  possible,  to 
secure  smoothness  of  cut  and  regularity  of  outline 5 it  must  be  able  to 
cut  a i)erfect  cylinder  from  irregularly-shaped  masses,  and  it  must  be 
capable  of  i)roducing  a perfectly  plane  surface  in  the  direction  trans- 
verse to  the  line  of  the  axes;  it  must  do  its  work  well,  without  liability 
to  excessive  wear,  and  must  even  do  it  well  when  old  and  worn.  As 
these  builders  of  our  best  tools  themselves  say,  it  is  now  necessary  to 
furnish  tools  with  which  even  inexperienced  and  untrained  workineuj 
such  as  are  too  generally  found  in  our  shops,  may  do  good  work  after 
very  little  training.  This  has  a good  result  in  two  ways:  it  permits 
good  work  to  be  done  where  only  unskilled  labor  is  available,  and  it 
enables  work  to  be  done  cheaply  where  skilled  labor  is  only  attainable 
at  high  prices,  and  thus  permits  the  employment  of  untraiuetl  labor  on 
routine  work,  and  sets  free  skilled  labor  to  attack  work  of  excA^ption- 
ally  exacting  character. 

221.  The  Jlat  topped  bed  is  always  adopted  by  the  Messrs.  Sellers  for 
the  reason  above  given,  and  In  this  they  have  followed  British  rather 
than  American  practice.  They  say,  in  reference  to  their  practice  in  this 
point,  and  in  the.  distribution  of  the  cross-girths,  that  they  obtain  very 
much  greater  nicety  of  adjustment  and  lit,  greater  wear,  and  very  much 
more  stiffness  than  can  be  secured  in  the  older  form  of  lathe  shear  built 
in  this  country,  without  introducing  into  the  latter  a great  increase  of 
weight  of  iron.  The  flat- topped  bed  gives  much  greater  wearing-sur- 
face, and  that  surface  is  situated  at  right  angles  to  the  directions  of 
pressure,  and  is,  therefore,  better  prepared  to  resist  wear;  it  is  more 
easily  finished  and  brought  to  size  than  the  V-shaped  bed;  it  gives  less 
span  between  the  points  of  bearing  at  the  edges  of  the  opening  in  the 
bed  for  the  saddle  of  the  slide-rest,  iKjrmitting  the  latter  to  be  made 
lighter  or  stronger  than  if  fitted  up  in  the  other  way ; it  gives  a greater 
‘‘swing,” on  lathes  of  ecpial  size,  over  the  slide-rest ; this  lightness  makes 
the  rest  easier  to  move. 

The  method  of  claminng  adopted  with  this  bed  permits  a loose  fit  to 
be  made  where  the  back-head  slides  between  the  shears,  and  this  insures 
less  wear  and  less  serious  consequences  from  that  wear.  A V-shaped 
guide  on  the  under  side  of  the  shear  insures  accuracy  of  movement  for 
the  clamp  and  precision  in  bringing  the  head  into  position.  This  they 
claim,  with  good  reason,  to  be  one  of  their  most  important  improve- 
ments. The  shear  as  made  by  those  builders  is  very  stiff  transversely 
and  in  resistance  of  stresses  tending  to  wrench  or  twist  it,  which  stresses 
are  the  most  serious  influences  tending  to  destroy  the  perfection  of  the 
work  when  the  lathe  is  driven  at  high  speeds,  and  when  making  heavy 
cuts.  Such  strains  spring  the  bed  downward  and  laterally,  twist  the 
spindles  and  the  head-stocks,  and  strain  the  tool  and  the  tool-post  to  an 
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extent  that  is  sometimes  very  serious.  A lathe-bed  of  the  form  of  a 
hollow  cylinder,  could  it  by  any  possibility  be  practically  used,  would 
best  resist  such  strains.  The  common  lathe  cannot  be  thus  mounted, 
and  the  form  of  the  bed  is  largely  determined  by  the  arrangements  of 
the  several  parts  of  the  tool.  The  skill  exhibited  by  our  tool -builders 
in  securing  this  required  stiffness  by  the  modification  and  arrangement 
of  the  bed  and  cross-girths  is  remarkably  great.  The  broad  flat-topped 
bed  is  incidentally  useful,  also,  as  a cover  and  to  furnish  support  in 
carrying  the  lead  screw  along  within  it,  giving  it  stiffness  and  exactness 
of  line,  and  protecting  very  perfectly  from  the  falling  chips  and  from  the 
dust  which  settles  on  all  exposed  surfaces. 

222.  The  lathe-spindle. — As  has  been  stated  above,  the  spindles  of 
these  lathes  are  ground  into  proper  shape,  and  are  all  made  precisely 
to  gauge.  The  importance  of  this  method  of  manufacture  will  be  under- 
stood when  it  is  seen  that  the  slightest  looseness  or  irregularity  of  this 
little  detail  may  destroy  the  value  of  all  the  labor  and  all  the  precaution 
taken  in  the  making  of  the  other  parts  of  the  lathe.  If  the  spindle  is 
irregular  in  shape,  or  ground  “off  center,”  it  will  produce  a fatal  loss  of 
symmetry  in  the  work. 

In  the  Sellers  lathes,  and  in  the  lathes  of  the  Worcester  School  of 
Industrial  Science  and  of  some  other  tool-builders,  the  spindle  is  of  steel, 
hardened  and  then  ground  into  shape,  and  fitted  into  boxes  of  the  same 
material,  similarly  brought  to  perfect  size  and  form.  With  such  spin- 
dles wear  occurs  very  slowly  with  fair  usage,  and  the  lathe  may  run  a 
very  long  time  without  the  necessity  arising  for  taking  up  play.  A pro- 
vision is,  howeV’or,  made  for  such  adjustment.  The  bearing  at  the  back 
end  is  made  slightly  conical,  and  loss  by  wear  is  taken  up  by  simply 
moving  it  endwise  in  its  bearings  by  means  of  the  nuts  provided  for 
the  purpose.  The  Messrs.  Sellers  take  the  end-thrust  of  the  work  on 
hardened  and  ground  steel  collars  running  between  hardened  and  ground 
steel  plates  carried  on  the  head-stock.  They  thus  dispense  with  a “tail- 
screw,”  and  are  enabled  to  carry  the  spindle  back  and  make  it  carry  the 
change-wheels  driving  the  screw-cutting  feed. 

The  cone-pulley  is  turned,  in  Sellers’  lathes,  both  inside  and  out,  and 
is  thus  very  nicely  balanced ; it  is  given  a very  long  bearing  on  the 
spindle  to  insure  freedom  from  wear.  The  changes  are  made  by  regu- 
lar gradation.  The  arbor  on  which  the  pulley  is  carried  is  usually, 
except  in  very  large  lathes,  of  steel  hardened  and  ground  to  size  like 
the  centers.  The  hole  in  the  end  to  receive  the  latter  is  made  with 
equal  care  and  precision.  The  face-plate  is  not  only  carefully  threaded 
to  fit  the  thread  on  the  arbor,  but  it  is  also  nicely  fitted  with  a plane 
bearing  surface  in  the  rear  of  the  screw-thread,  which  insures  perfect 
steadiness  as  well  as  absolute  concentricity  with  the  axial  line  of  the 
spindles,  even  though  the  thread  may  become  somewhat  worn.  A “for- 
mer-attachment” is  provided  for  turning  tapers,  &c. 

223.  The  iceight  of  these  lathes  does  not  seem  to  be  as  great 
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for  similar  character  of  work  and  in  similar  sizes  as  in  some  other 
makes,  especially  of  English  lathes,  but  it  is  evidently  ample  for  their 
work.  With  their  rigidity  and  strength,  their  few  adjustments,  and 
their  excellence  of  workmanship,  they  permit  an  extraordinary  amount 
of  work  to  be  done  uimii  them  in  a given  space  of  time. 

The  pulleys  used  on  the  counter-shafts  are,  like  those  on  their  main 
.shafting,  very  light;  but  they  are  carefully  proportioned  and  (piite 
strong  enough.  Thej'  are  made  of  selected  iron,  molded  and  cast 
under  careful  supervision,  and  are  very  symmetrical  and  are  well  bal- 


anced. 

224.  The  shafting  of  Messrs.  Sellers  & Go.  was  a less  generally 
observed  but  yet  very  interesting  illustration  of  their  j)ecnliar  practice. 
It  was  very  light,  carried  light  pulleys  between  bearings  arranged  in 
short  spans,  and  the  journals  were  of  great  length.  It  was  driven  at  a 
speed  greatly  exceeding  that  of  the  heavier  shafting  used  in  other  sec- 
tions, or  supplied  by  the  authorities  of  the  exhibition.  Their  couplings 
and  their  hangers  were  also  in  some  respects  peculiar,  iiiul  contrasted  sin- 
gularly with  the  older  ami  heavier  styles  seen  everywhere  else  in  the 
machinery  hall.  This  method  of  driving  machinery  by  means  of  light 
siiafting  running  at  high  speed  is  essentially  an  American  practice.  It 
is  seldom  seen  in  Europe.  In  fact,  the  European  methods  ot  transmission 
of  power  have  undergone  very  little  change  for  many  years,  in  mills, 
heavy  gearing,  running  at  slow  speeds  and  carried  on  very  heavy  shaft- 
ing, has  been  the  rule.  he  expense  of  its  manutacture  is  comparatively 
high  ; it  is  ill  adapted  to  the  high  velocity-ratio  required  to  connect  it  to 
the  machinery  of  high  speed,  now  more  and  more  generally  used  ; it  is 
noisy,  and  it  has  many  minor  disadvantages.  In  the  ITniteil  States — 
instead  of  heavy  lines  of  shafting  and  clum.sy  gearing,  shafting  3 and  4 
inches  in.  diameter  and  wheels  weighing  fi*om  100  to  500  or  even  1,000 
pounds — shafting  1 J to  2 inches  in  diameter  and  pulleys  ot  a few  poinuls’ 
weight  are  found  amply  sullicieut,  and  are  in  general  use.  Instead  of 
speetls  of  100  and  120 revolutions  per  minute, 250  is  frequently  seen,  and  in 
at  least  one  instance  the  writer  has  .seen  shafting  running  at  4.)0  revo- 
lutions i)er  minute.  With  us  the  belted  pulley  has  almost  entirely  dri\eu 
out  the  older  gearing.  Even  engines  of  000  or  800  horse-power  drixe 
their  loads  by  a pulley  lly-wheel  carrying  three  or  four  .separate  wide 
double  belts.  Power  is  a product  of  resistance  into  velocity ; the  lirst  fac- 
tor is  expou-sive,  the  latter  inexpensive.  Increa.sing  the  former  and  reduc- 
ing the  latter  means  greater  weight,  increased  lirst  cost,  and  greater  ex- 
pense*- of  maintenance  of  the  machinery  of  transmi.ssion.  The  converse 
practice  brings  in  light  machinery  and  reduced  exi)en.se.  The  “telo  dy- 
namic^^  method  of  transmission  of  power,  which  Inis  been  introduced  ou 
both  continents,  is  simply  an  illustration  of  the  same  principle  carried 
still  further  for  special  purposes. 

In  the  manufacture  of  shafting,  the  higher  speeds  and  the  light  pu  • 
leys  and  belting  now  used  have  greatly  reduced  the  lirst  cost  where  the 
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power  traiisinitted  is  the  same.  The  system  of  mauufacture  now  stand- 
ardized in  the  United  States  and  practiced  by  the  Messrs.  Sellers  is  the 
same  as  that  which  distinguishes  the  sewing-machine  business.  All 
sizes  are  determined  by  gauge,  and  the  shafting  and  pulleys  are  made 
in  quantities  for  the  general  market,  instead  of  to  special  order,  and  of 
various  sizes.  This  also  lessens  the  price  iu  a very  important  degree. 

The  sizes  were  determined  after  an  elaborate  series  of  experiments, 
and  were  made  standard,  and  the  shafting  was  then  sold  by  a schedule 
in  which  the  weight  was  not  given  but  sizes  and  power  were  stated,  and 
a guarantee  was  given  of  their  fulfilling  the  requirements  of  the  purl 
chaser. 


Fiu.  94. — ^The  Sellers  gear-cutteir — front  elevation. 

The  Bancroft  hanger^  as  improved  by  the  makers,  is  used  with  thq 
shafting.  Its  journal  is  so  mounted  that  it  may  swivel  in  all  directions 
and  accommodate  itself  perfectly  to  the  line  of  the  shafting,  however 
great  the  departure  from  its  proper  location.  Some  slight  variation  from 
the  correct  Hue  is  usually  unavoidable,  and  it  introduces  frequently  a 
very  serious  addition  to  the  power  required  to  drive  the  shafting. 
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225.  The  Sellers  gear-cutter.— A very  beautiful  ami  ingeiuous 
gear-cutting  and  wheel-dividing  machine  was  exhibited  by  Messrs. 
Sellers  & Co.  This  machine  is  arranged  for  cutting  both  spur  and 
bevel  wheels,  has  a capacity  up  to  54  inches  diameter  of  wheel,  9 iuches 
lace,  and  will  cut  a number  of  small  spur-wheels  of  same  size  at  one 
time.  It  is  entirely  automatic,  performing  all  its  work  after  adjustment, 
without  attention  of  workmen,  to  the  completion  of  the  wheel  being  cut 
or  divided.  The  division  is  obtained  by  a tangent-wheel  and  worm 
carefully  constructed.  The  turning  of  the  handle  and  all  other  motions 
are  done  by  the  machine  itself.  Thus,  a blank  wheel  being  put  in  place 
and  the  proper  cutter  adjusted  to  depth  of  teeth,  length  of  stroke  of 
cuttcr-hcad,  &c.,  the  cutter  will  pass ‘across  the  face  of  the  wheel,  cut- 
ting the  space  between  two  teeth.  It  will  tlien  return  quickly  to  the 
starting-point.  The  blank  will  then  bo  turned  to  present  a second  space 
to  be  cut,  and  the  cutter  will  automatically  start  again.  One  machine 
is  said  to  do  one  and  a half  times  the  work  done  by  a skilful  workman 
on  a gear-cutter  operated  by  haml.  In  practice,  one  man  can  attend  to 
four  of  these  machines. 

Fig.  94  is  a front  elevation  and  Fig.  95  a si<le  elevation  ot  the  ma- 
chine. An  important  feature  in  this  machine  is  that  the  various  move- 
ments rccpiired  to  do  the  work  follow  each  other  automatically  in  regular 
sequence,  each  one  being  dependent  on  the  completion  ot  the  motion 
which  preceded  it. 


In  the  hgures  the  machine  is  shown  ms  arranged  when  cutting  spur- 
gearing.  The  post,  with  its  projecting  arm  carrying  the  cutter-head  c, 
is  made  to  swivel  between  its  base-plate  and  the  cap  which  carries  the 
driving-pulley,  so  as  to  set  the  arm  either  parallel  to  the  axis  of  the 
wheel  to  be  cut  for  spur-gearing  or  at  an  angle  for  bevel-gearing.  It  is 
adjustable  to  any  required  position  on  the  bed.  Motion  is  conveyed  to 
the  cutter-head  spindle  from  the  pulley  by  means  of  bevel-wheels  to  the 
cone-pulley  at  the  top  of  the  post,  and  thence  by  bolt  over  guide-pulleys 
(one  of  which  acts  as  a tightener)  to  the  cone-pulley  back  of  the  cutter- 
head,  thence  by  bevel-wheels  to  the  spindle.  The  cutter-head  slides 
back  and  forth  on  the  arm,  driven  by  a nut  on  a screw.  This  screvv  is 
stationary,  the  nut  only  revolving,  and  the  train  of  gearing  which 
moves  the  nut  or  causes  it  to  revolve  starts  from  the  lower  cone-pulley 
by  bevel-wheels,  through  a set  of  variable  friction -disks,  to  a shaft,  and 
by  a pinion  through  a sun-aud-planet  system  of  wheels  to  a gear-wheel 
on  the  end  of  a shaft,  which  passes  through  the  arm  below  and  parallel 
to  the  screw,  which  shaft  terminates  in  the  square  end.  Spur-wheels 
convey  motion  from  this  shaft  to  the  revolving  nut.  Upon  the  screw 
are  two  nuts  which  are  adjustable  on  the  screw,  and  are  readily  clamped 
at  any  required  position.  These  two  nuts  determine  the  length  of 
stroke  of  the  cutter-head.  By  means  of  a crank  on  the  end  of  the  screw 
within  the  post,  the  turning  of  the  screw  one  way  or  the  other  through  a 
small  portion  of  a revolution  operates  clutches  within  the  jmst,  ^^hich 
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Fig.  95. — The  Sellers  gear-cutter — side  elevation. 

tion  of  the  cutter-head  ceases  aud  the  rotation  oi  the  screw  operates 
the  device  that  is  to  start  the  next  motion,  i.  e.,  the  running  back  of  the 
cutter-head  to  its  starting-point:  Here  it  again  comes  in  contact  with 
the  nut,  ceases  its  lateral  motion  again,  and  imparts  a rotary  motion 
backward  to  the  screw,  stopping  the  driving-machinery  last  in  motion 
and  putting  in  motion  the  machinery  that  turns  the  blank.  The  com- 
pletion of  this  last  operation  starts  the  cutter  into  the  work  again. 
Through  the  center  of  the  ‘column  is  a vertical  shaft,  which  revolves 
continually  in  one  direction.  The  bevel-wheels  are  held  from  turning, 


determine  the  requisite  motions  of  proper  sequence.  Thus,  the  screw 
being  stationary  during  the  travel  of  the  cutter  through  the  wheel,  the 
revolution  of  the  nut  on  the  screw  causes  the  advancement  of  the  cutter- 
head  toward  the  nut.  When  the  revolving  nut  comes  in  contact  with 
this  stationary  nut,  a tooth  in  the  revolving-nut  engages  with  a tooth 
on  the  stationary  nut,  and  turns  it  and  the  screw,  and  as  both  nut  and 
screw  revolve  in  the  same  direction  at  the  same  time,  the  forward  mo- 
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allowed  to  run  loose,  or' are  driven  by  the  vertical  shaft,  as  may  be  re- 
quired. The  planet-wheels  are  attached  to  a face  ])late,  this  face-plate 
to  one  of  the  bevel- wheels.  When  the  bevel- wheels  are  held  stationary 
the  sun-wheel  in  the  center  drives  the  outer  wheel  and  the  feed.  If 
the  bevel- wheels  run  loose,  the  feed  stops. 


Tiik  Skm.kus  slottkh. 


If  a rapid  rotation  be  f^iven  to  the  bevel-wheels,  they  will  drive  the 
planet-wheels  around  the  center  one,  and  thus  impart  a rapid  motion  to 
the  nut  on  the  screw  to  carry  the  cutter  back  to  its  starting-point  j but 
when  it  has  reached  this  point,  the  wlieels  are  cut  loose  frotn  this  driver, 
machinery  is  put  in  motion  within  the  bed,  that,  by  means  of  a crank, 
rack,  and  pinion,  turns  the  crank-liandle,  lifting  the  latch  at  each  revo- 
lution. The  number  of  turns  of  this  handle  are  determined  by  a pin 
being  placed  in  one  or  the  other  holes  shown  in  the  face-plate  that 
controls  a nest  of  gearing.  A cam  on  a shaft  within  the  bed,  upon  the 
completion  of  the  pro[)er  number  of  turns  of  the  handle,  movies  the 
clutch  to  clamp  the  bevel-wheels,  and  thus  starts  the  feed  once  more. 

This  completes  the  series  of  operations.  Any  one  of  its  individual 
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motions  may  be  lengthened  or  shortened,  and  yet  not  affect  the  others. 
The  failure  of  any  one  to  act  merely  prevents  the  next  one  from  starting, 
so  that  no  harm  can  be  done  the  work. 


Fig.  98. — Section, 


226.  The  Sellers  slotting-machine.— The  Messrs.  Sellers  & Co. 
exhibited  a 4S-iuch  slotting-machine,  (Figs.  96-100.)  The  slotting-tool 
is  operated  by  means  of  a crank  driven  by  the  “ Whitworth  motion,” 
giving  a slow  movement  when  cutting  and  a quick  return.  The 
crank  is  adjustable  in  length  of  stroke,  the  maximum  being  12  inches. 
This  adjustment  is  effected  by  a screw  in  the  crank-plate.  The  ad- 
justment of  the  connection  of  the  connee.ting-rod  with  the  slotting- 
bar  is  obtained  by  means  of  a screw,  regulating  the  position  of  the 
slotting-bar  in  height  from  the  table  upon  which  the  work  rests. 

The  connecting-rod  is  attached  to  the  slotting-bar  by  means  of  a 
wrought-iron  block  connected  with  a counter-balauce-lev^er.  The  coun- 
ter-balance is  heav^ier  than  the  slotting- bar  and  cuttiug-tool,  so  as  to 
take  up  all  lost  motion  and  to  steady  the  operation  of  the  machine  under 
cut.  The  bearing  or  slide  carrying  the  bar  is  adjustable  for  difterent 
heights  of  work.  When  the  nature  of  the  work  will  permit,  the  sup- 
porting bearing  can  be  carried  quite  close  to  the  table,  thus  giving  a 
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tirni  backing  to  the  tool  dnriiig  its  whole  stroke  and  insuring  steadiness 
of  motion.  The  compound  table  upon  which  the  work  is  bolted  consists 
of  the  usual  slide-rests  with  a rotating-table  on  top  of  the  upper  rest, 
all  provided  with  automatic  feeds.  An  important  feature  of  the  ma- 
chine is  the  arrangement  of  its  feed-motion,  which  insures  the  feed 
always  occurring  at  the  top  of  the  stroke,  and  never  during  the  cut. 
The  great  advantage  of  this  is  manifest  when  it  is  remembered  that 
should  the  feed  occur  at  lower  end  of  stroke,  the  rigid  tool  will  drag 
back  with  a pressure  due  the  amount  of  feed.  The  working-handles  to 
operate  the  feed  by  hand  are,  on  all  these  machines,  within  easy  reach  of 
the  workman,  and  in  such  a position  as  to  enable  him  to  readily  see  the 
point  of  the  slotting  tool  as  he  adjusts  the  feed,  an  advantage  readily 
appreciated  when  the  machine  is  used  to  slot  to  scribed  lines. 

227.  Tlie  Pratt  & Whitney  ComPzIny,  of  Hartford,  Conn.,  had  an 
exhibit  which,  although  somewhat  loss  extensive  than  that  of  Messrs. 
Sellers  & Co.,  was  very  interesting,  and  was  reported  upon  by  the  In- 
ternational dury  in  terms  of  exceptional  commendation.  Their  tools 
were  a light  class  of  machines,  intended  for  gnn-inakers  ainl  for  similar 


light  work.  They  were  remarkable  for  their  excellence  of  design;  eivch 
was  Imjiutifully  adapted  to  the  special  work  which  it  was  intended  to 
do;  the  material  ami  workmanship  were  of  the  highest  class,  and  the 
finish  was  neat  and  appearance  pleasing. 

Their  screw-machines  had  already  attracted  the  attention  of  con- 
tinental dealers,  who  had  had  opportunities  of  seeing  them  in  sev- 
eral govemmental  and  priv’ate  Kuroi)ean  establishments.  This  firm 
have  for  some  time  supi)lled  their  tools  to  foreign  markets.  In  the 
screw -machines  the  rod  of  which  the  screws  are  to  be  made  is  clamped 
in  the  hollow  spindle  of  the  machine,  and  the  dies  are  mounted 
on  a “ turret.’’  The  .sev'eral  cuts  are  rapidly  made,  the  workman 
setting  the  bar  in  position,  clamping  it  by  a single  movement  of 
the  handle  operating  the  chuck,  throwing  up  the  turret  into  posi- 
tion by  another  motion,  and  then,  setting  his  machine  in  operation, 
a cut  is  made.  The  reversal  of  this  succession  of  movements  releases 


the  screw  after  the  cut  is  made,  and  a second  cut  is  then  taken,  the 
turret  being  turned  so  as  to  bring  the  next  die  into  action.  A cutting- 
off  tool  is  mounted  on  the  slide-rest,  with  which  the  screw  is  separated 
from  the  bar  when  completed. 

The  chuck-lathe  made  by  this  firm  is  a very  neat,  simple,  and  elective 
tool  for  use  in  turning  pieces  to  peculiar  form  or  tor  boring  them  out. 
Their  drills  are  also  of  designs  original  with  tliom,  and  very  excellent 
tools,  and  their  milling-machine,  although  not  having  the  wide  range  of 
adaptation  of  the  Browne  & Sharpe  machine,  is  an  exceedingly  well- 
designed  and  w’ell-made  t >ol,  and  is  even  better  adapted  to  general  use 
on  plain  work. 

228.  Descriptions  with  Illustrations, — The  Pratt  & Whitney  Company  s 
machines  are  illustrated  in  the  accomi>anying  engravings. 
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The  ten-inch  pillar-shaper  (Fig.  102)  is  also  known  as  the  “ compound 
planer,”  and,  in  a large  i)roportioii  of  cases,  it  is  a substitute' for  the  or- 
dinary and  expensive  shaping-machine.  It  is  particularly  well  adapted 
to  die-work.  The  stroke  may  be  graduated  to  any  point  within  the  ex- 
treme limit;  the  tool-bar  has  a quick  return,  and  the  cross-feed  is  auto- 
matic and  adjustable.  The  designation  indicates  the  extreme  length  of 
stroke,  which  is,  in  this  machine,  ten  inches.  All  the  slides  and  bear- 
ings are  fitted  carefully"  by  scraping,  and  the  nuts,  screws,  and  wrenches 
are  hardened.  The  Kewell  patent  vise  is  exhibited  with  the  machine.  It  is 


Fig.  102.— Ten-inch  pillar-shaper. 

intended  for  holding  the  work,  and  has  a circular  graduated  base,  and 
hardened-steel- faced  Jaws,  ground  true,  one  of  which  ‘‘swivels,”  to  pre- 
sent either  a straight  or  a V-shaped  slide,  the  latter  for  holding  circular 
work.  The  machine  stands  on  a hollow  column,  the  base  of  which 
measures  thirty-six  by  twenty-seven  inches,  as  shown  in  the  figure. 

229.  The  profiling-machine  is  a well-known  and  highly-valued  tool 
for  cutting  irregular  forms.  The  one  shown  in  the  engraving  (Fig.  103) 
is  a two-spindle  machine,  and  has  Parkhurst’s  patent  device  for  cutting 
forms  without  reversing  the  fixtures.  I»\ith  this  improvement,  to  pro- 
duce the  forming-pattern,  the  model-piece  is  secured  in  the  place  and 
position  afterward  occupied  by  the  work  to  be  “ machined,”  and  the 
piece  to  be  cut  for  the  forming-pattern  is  placed  in  the  position  it  will 
permanently  retain.  The  guide-pin  is  put  in  the  spindle  which  usually 
carries  the  cutter,  while  the  cutter  in  the  spindle  which  afterward  holds 
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the  guide-pin  cuts  the  pattern  in  the  exact  position  it  will  retain  in  use. 
After  disconnecting  the  gearing  upon  the  spindles,  reversing  the  rela- 
tive positions  of  guide-pin  and  cutter,  and  smoothing  the  edge  of  the 
forming-pattern,  (if  this  be  necessary,)  the  machine  is  ready  for  work. 


Fig.  103. — Two-spindlo  inofiling-niacliine. 


The  gearing  for  moving  the  table  and  cross-slides  is  adjustable  by 
means  of’  double  gears  set,  to  prev’ent  “ back-lash,^’  by  two  independent 
adjusting-screw's,  and  also  by  a double  rack  adjusted  in  the  same  man- 
ner. This  arrangement  is  indispensable  to  secure  perfect  accuracy  in 
cutting  irregular  forms,  especially  in  turning  corners. 

Two  sizes  are  made.  The  engraving  represents  a No.  2,  having  an 
area  of  table  of  15  by  12  inches. 

Distance  between  top  of  table  and  underside  of  cross-head  4J  inches, 


223 


PRATT  WHITNEY  COMPANY’S  TOOLS. 


aud  between  centers  of  ^nide-pin  and  cutter  inches.  The  cutter  will 
profile  or  surface  work  to  the  extreme  limit  of  the  table-area. 


Fig.  104. — No.  2 milling-macbiue. 


230.  The  No.  2 milling-machine  (Fig.  104)  is  said  to  be  in  extensive 
use  in  armories  and  sewing-machine  manufactories  in  this  coijutry  and 
Europe  and  at  the  United  States  Armory,  Springfield,  Mass.  It  is  also 
excellently  well  adapted  to  general  work.  It  has  selfacting  screw-feed, 
with  four  changes  of  feed ; self-acting  stop- motion,  adjustable  at  any  point  j 
a foot-stock  for  steadying  the  ends  of  long  arbors  in  heavy  cutsj  a vise 
for  holding  work  furnished  with  a permanent  crank  screw-wrench,  and 
the  spindle  has  a cone  for  three  changes  of  speed,  which  may  be  varied 
by  means  of  liack-gears. 

231.  The  four-spindle  gang-drill  (Fig.  105)  is  adapted  to  a variety  of 
work  where  many  pieces  of  uniform  character  are  to  be  furnished,  the 
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four  s])iii(lles  liavinj?  eac-h  a separate  tool  for  beginninij  and  flnishiug 
holes.  The  table  with  tlie  piece  to  be  operated  upon  is  raised  either  by 
hand  or  foot  lever,  by  means  of  a rack  and  pinion,  and  a convenient 
ganijo  determines  the  depth  of  the  hole  to  be  drilled.  The  spindles  are 
of  steel,  having  two  speeds,  and  the  driving-cone  has  three  grades. 


Fio.  10r>. — No.  '2  foiir-Npindle  drill. 

' i 

232.  The  Xo.  2 hand-milling  machine  (Fig.  lOG)  is  a convenient  tool 
for  general  use.  It  is  adapted  to  a variety  of  small  work.  The  pieces 
to  be  operated. upon  are  moved  against  the  cutter  by  means  of  a lever, 
rack,  amrpinion.  Cutters  of  J to  2^  inches  diameter  may  be  used.  The 
head-spindle  is  of  steel,  and  runs  in  boxes  lined  with  ‘‘  Babbitt  metal.’^ 
The  table  has  a vertical  adju.strnent  of  l.“>  inches,  arid  the  upper  side  a 
movement  of  2J  inches  vertically,  horizontal  adjustment  of  5 inches  to 
or  from  the  column,  and  a transverse  movement  of  inches.  The 
machine  is  mounted  on  a column,  the  interior  of  which  is  a tool-closet. 

233.  The  revolving  head-screw  machine,  with  wire-feed,  (Fig.  Id7, 
is  ihteuded  to  form  and  finish  screws  of  different  sizes  and  lengths 
direct  from  the  rod  or  wire  without  removing  the  material  or  interrupt- 
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ing  th6  proc6ss.  Tb6  revolving  bead  is  made  to  receive  six  distinct 
tools,  including  a gaiigiug-stop  to  determine  tbe  length  of  the  screw. 
Everv  operation  of  making  a screw  from  tbe  rod  or  wire  is  successively 
performed  without  removal  of  the  work,  change  of  tools,  or  stoj)page 
of  the  machine.  The  Parkhurst  wire-feed  is  operated  while  the  machine 
is  running  by  a simple  movement  of  a lever,  and  has  any  range  of  length 
that  may  be  desired.  It  is  adapted  to  rods  up  to  ^-inch  diameter.  The 


Fig.  106. — 


No.  *2  hand-milling  lUiichLne. 


different  sizes  of  the  machine  are  arranged  for  forming  the  thread  by 
dies  or  cutting  them  with  a screw-cutting  tool.  A cross-rest  for  carry- 
ing cutting-off  tools  may  be  attached. 

The  engraving  (Fig.  107)  shows  the  No.  1 screw-machine,  with  the  Park- 
hurst patent  wire-feed  attachment.  The  device  does  not  seem  likely  to 
get  out  of  order,  and  is  a great  assistance  in  facilitating  work.  It  feeds 
and  holds  the  wire  in  position  without  stopping  the  machine  or  delaying 
the  work,  as  the  operation  of  setting  forward  the  wire  and  firmly  clamp- 
ing it  is  performed  by  a single  movement  of  a lever.  The  turret  is  of 
steel,  (as  is  that  of  the  No.  0 machine,)  is  self-rotating  and  self-fasten- 
15  MA 
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ing,  and  the  tools  are  held  securely  by  convenient  clamps.  The  cone  has 
three  grades,  carrying  a IJ-inch  belt.  The  counter-shaft  is  fitted  with 
Pratt’s  patent  friction-clutch  pulleys.  Case-hardened  wrenches  and  an 
oil-tank  were  with  the  machine. 


Fig.  107. — No.  1 revolvinj;  tool-head  Hcrewmucbine,  with  wire-feed. 


234.  The  13-inch  weighted  plain  engine-lathe  (Fig.  lOS)  swings  13 
inches  over  the  bed  and  G inches  over  the  carriage.  It  has  a pulley-feed, 
three  changes  from  GO  to  IGO  per  inch,  a cone  on  the  spindle  for  a2  inch 
belt  wdth  four  grades,  large  steel  si)indle,  balanced  cone  turn(‘d  inside 
and  outside,  and  the  boxes  are  lined  with  Babbitt  metal,  which  is  com- 
pressed after  being  run  into  the  shell.  All  the  parts  are  well  fitted, 
insuring  accuracy  in  turning,  sqnaring-np,  and  boring.  The  foot- 
stock  is  secured  in  place  by  a cam-lever,  the  screws,  nuts,  and 
wrenches  are  case-hardened,  and  the  counter-shaft  is  furnished  with  self- 
oiling  boxes.  There  is  a hole  through  the  live  spindle  to  receive 
rods  up  to  j®^-inch  diameter  for  convenience  of  cutting  into  lengths  for 
studs,  &c. 

235.  The  cutter-grinder  (Fig.  109)  is  a very  convenient  tool  for  shops 
and  manufactories  in  which  rotiU’v  cutters  of  any  style  are  used  for 
gear-cutting,  milling,  or  slotting.  A columnar  support,  with  a broad 
base,  sustains  the  spindle-head  and  the  cutter-holder  and  guide.  The 
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platen  to  which  the  holder  and  guide  are  attached  may  be  adjnsted  in 
height  to  suit  the  diameter  of  the  cutter  to  be  operated  upon.  The  guide 
rests  against  the  tooth  that  is  being  ground,  thus  gauging  the  work  per- 
fectly, even  though  there  may  be  irregularity  in  the  size  of  the  teeth. 
The  machine  is  adapted  to  cutters  of  all  sizes  and  styles  of  teeth, 
whether  straight,  beveled,  or  spiral.  Either  small  grindstones  or  emery- 
wheels  may  be  attached  to  the  spindles. 


Fig.  108.— Thirteen-inch  weighted-plain  engine-lathe. 


The  weight,  with  counter-shaft,  is  425  pounds;  stated  speed  of  counter- 
shaft, 480  revolutions  per  minute. 

236.  In  operation  the  die-sinking  machine  (Fig.  110)  is  similar  to  the 
profiling-machine,  the  spindle  being  stationary,  and  the  work  to  be  ope- 
rated upon  being  held  in  a vise,  which  may  be  moved  in  all  directions 
horizoutallv  by  compound  slides  on  the  table  of  the  machine,  and  may 
be  elevated  or  depressed  by  the  vertical  movement  of  the  platen  or 
table.  The  cutter,  which  may  be  of  any  suitable  size  or  form,  revolves 
with  the  spindle,  which  is  driven  by  a belt,  giving  much  smoother  action 
than  is  possible  with  gears.  The  work  may  be  guided  either  by  a pat- 
tern or  forming-piece,  or  controlled  wholly  by  the  operator.  This  ma- 
chine is  very  strongly  built,  insuring  smooth  work,  freedom  from  chatter- 
marks,  and  is  adapted  to  a great  variety  of  work,  being  particularly 
efficient  in  forming  and  finishing  recesses  of  either  a circular,  annular, 
or  irregular  shape,  and  for  recessing  dies  for  the  drop-press.  The  difter- 
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ent  movements  of  the  vise  and  i)laten  are  independent  each  of  the  other, 
and  are  perfectly  under  the  control  of  the  operator. 


Fig.  109. — Cuttor-grinder. 

The  greatest  distance  between  the  end  of  the  spindle  and  top  of  the 
table  is  24  inches.  The  platen  has  a vertical  adjustment  of  16  inches, 
and  the  horizontal  movement  of  the  vise  is  10  inches.  The  counter-shaft 
has  two  sets  of  pulleys,  giving  two  speeds,  which  may  be  varied  on  the 
spindle  by  a cone  with  three  grades. 

237.  The  tool  represented  in  Fig.  Ill  is  designed  for  a variety  of  work 
where  the  piece  is  to  be  finished  by  drilling,  facing,  and  tapping  holes 
without  being  removed  from  the  chuck  or  face-plate.  The  revolving 
head  carries  from  six  to  eight  spindles  for  the  reception  of  tools,  and 
each  one  is  brought  to  the  work  successively,  by  a single  mov’ementof 
a lever  or  handle,  and  is  fed  forward  by  a rack  and  pinion,  operated  by 
a convenient  hand-wheel.  The  machine  is  rapid  in  its  operation,  and 
very  accurate  in  its  results.  The  number  of  spindles  in  the  head  may 
be  varied  to  suit  the  work  to  be  done,  and  the  length  of  the  bed  may  be 
increasetl  or  diminished,  as  ordered. 

238,  The  size-designations  of  the  planers  indicate  the  width  and 
height  the  machine  will  plane;  thus,  the  10-inch  planer  planes  16  inches 
in  width  and  height,  and  in  length  3 feet  2 inches.  The  length  of  the 
bed,  as  compared,  with  the  length  of  the  table,  is  greater  than  is  usual 
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with  this  class  of  machines,  preventing  the  tipping  of  the  table  from 
the  bed  when  the  rack  is  ran  out  of  gear  with  the  pinion.  The  shafts 
are  large,  gears  and  racks  accurately  cut,  sliding-surfaces  perfectly  fitted 
by  scraping,  and  the  nuts,  screws,  and  wrenches  case-hardened.  This 
planer  (Fig.  112)  has  automatic  cross-feed,  patent  shipping  movement, 
and  movable  dog,  allowing  the  work,  when  desired,  to  be  run  either  way 
from  under  the  cutting-tool  without  changing  the  stops.  Length  of  bed, 
5 feet,*  length  of  table,  3 feet  6 inches;  length  that  may  be  planed,  3 
feet  2 inches;  weight,  with  counter-shaft,  1,G50  pounds;  speed  of  counter- 
shaft per  minute,  270  revolutions. 


Fig.  112. — Sixteeu-incli  planer. 

239.  This  firm  seem  to  make  a specialty  of  tools  for  such  peculiar 
work  as  that  demanded  in  sewing-machine  and  gun-making  establish- 
ments. As  has  been  seen,  their  tools  are  most  creditable  illustrations 
of  this  class — a class  in  which  our  manufacturers  excel  all  others;  and 
we  were  fortunate  in  being  thus  well  represented. 

The  tools  are  illustrated  with  somewhat  exceptional  completeness,  as 
excellent  examples  of  these  peculiar  kinds  of  tools  for  rapid  work  on 
many  pieces  of  usually  the  same,  or  nearly  the  same,  form  and  size. 

The  modern  system  of  manufacturing,  as  the  term  is  used  in  contra- 
distinction to  simply  making  on  single  orders,  has  given  occasion  for  the 
designing  of  an  immense  variety  of  these  machines  of  special  applica- 
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tion.  So  great  is  this  deiiiaiul  that  many  hrms,  like  the  Pratt  & Whit- 
ney Company,  are  making  their  supply  an  important  branch  of  business. 

240.  The  Browne  & Sharpe  Manufacturing  Company,  of  Provi. 
(ience,  K.  I.,  was  another  firm  whose  exhibits  attracted  great  attention 
and  won  for  them  unusual  distinction.  The  milling-machines  made  by 
this  firm  were  of  the  very  higliest  order  of  merit.  Their  universal  mill, 
ing-machine  obtained  for  them  the  highest  honors  at  P/iris  in  1867,  and 
has  always  been  considered  as  among  the  finest  tools  made  in  the 
United  States  or  in  the  world.  This  machine  is,  as  the  name  indicates 
intended  to  do  an  immense  variety  of  work.  It  is  capable  of  cutting 
fit  any  angle,  either  horizontal  or  vortical,  and  is  fitted  up  so  as  to  make 
an  excellent  gear-cutter.  The  feeds  are  automatic,  and  capable  of  a 
wide  range  of  variation  in  speed.  There  is  probably  no  tool  made  which 
is  so  universally  applicable  in  doing  small  work.  The  screw-machines 
of  this  firm  are  also  of  marked  excellence  in  every  respect,  and  do  a 
wide  range  of  work  with  invariable  precision  find  in  the  most  excellent 
manner.  The  cutters  used  on  the  milling-machines  have  a very  excel- 
lent and  valuable  feature,  which  is  peculiar  also  to  them,  that  they  may 
be  ground,  when  dulled  by  use,  without  lo.ss  of  form. 

241.  Description  with  illustration.— The  following  illustrated 
de8crii)tioii  of  the  exhibited  tools  of  the  Browne  Sharpe  Manufacturing 
Company  will  indicate  how  well  the  preceding  remarks  apply  to  the  design 
and  .proportions  of  these  tools.  Their  finish  was  most  excellent,  and 
every  part  of  every  tool  worked  smoothly  and  accurately,  with  a uniform 
resistance  which  indicated  thoroughly  good  fitting. 


Fig.  113, — No.  1 «crew-iiiacliiue. 


The  No.  I screw-machine,  here  shown  in  Fig.  113,  is  a small,  com- 
pact, handy  tool,  and  is  suitable  for  making  from  bir-iron  all  kinds  of 
screws  and  studs  ordinarily  used  in  a machine-shop.  One  man,  with 
this  machine,  will,  it  is  said,  produce  as ’many  screws  as  from  tliree  to 
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five  men  can  make  on  as  many  engine-lathes,  and  thej^  will  be  more 
uniform  in  size.  Nuts  can  be  drilled,  tapped,  and  one  side  faced  up, 
and  many  parts  of  sewing-machines,  cotton-machinery,  gas  and  steam 
fittings  made  on  this  machine,  with  a great  saving  of  time  and  labor. 
The  size  of  hole  through  the  spindle  is  inches.  The  size  of  holes  in 
revolving  head  is  1^*6  inches.  The  length  that  can  be  milled  is  6 inches. 
The  friction-pulleys  on  the  counter-shaft,  are  14  inches  diameter  and 
inches  wide.  Counter-shafts  which  run  170  turns  per  minute  are  fur- 
nished. The  weight  of  the  machine  is  about  1,450  pounds. 

242.  Their  No.  4 screw-machine  (Fig.  114)  is  of  a somewhat  different 
pattern,  but  it  is  also  a very  excellent  tool.  It  is  of  the  same  general 


Fig.  114. — No.  4 screw-uiacbiue. 


construction  as  the  one  previously  described,  but  much  lighter,  and 
especially  intended  for  making  the  smaller  screws  that  are  used  by  sew- 
ing-machine manufacturers,  gunsmiths,  and  clock-makers.  The  spindle 
has  a hole  bored  through  it  seven  sixteenths  of  an  inch  in  diameter, 
and  is  provided  with  a patented  device  for  opening  and  closing  the  jaws 
in  the  chuck  which  holds  the  wire  from  which  the  screws  are  made. 

This  operation  of  opening  and  closing  the  jaws  of  the  chuck  is  per- 
formed in  an  instant  without  stopping  the  machine,  and  effects  a great 
saving  of  time  in  making  small  .screws.  The  revolving  head  is  made 
entirely  of  steel. 

The  size  of  the  hole  through  the  spindle  is  inch;  the  size  of  the 
holes  in  the  revolving  head  is  inch  ; the  length  that  can  be  milled  is 
2J  inches.  Friction-pulleys  on  counter-shaft  were  supplied,  of  a neat  and 
apparently  effective  pattern ; the^’  are  inches  diameter  and  2J  inches 
wide  on  the  face;  the  counter  shafts  run  260  turns  per  minute. 

Weight  of  machine  prepared  for  shipment,  about  450  pounds. 
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243.  The  “plain  milling-machine”  of  tlio  Hrowne  & Sharpe  Mauu- 
facturing  Company,  is  exhibited  in  Fig.  115.  It  is  a very  strong,  stiff, 


Fig.  115. — Pluiu  uiillitig-uiachiue. 


and  evidently  serviceable  tool,  and  is  excellently  well  fitted  for  a 
standard  tool  in  the  machine-shop  to  do  plain  work. 


Fig.  11(>.— IJnivorsal  milliug-iuaebiue. 

It  is  Staled  to  be  designed  for  ordinary  milling-operations.  The 
spindle  is  raised  and  lowered  by  set-nuts  upon  the  screw  C,  and  moved 
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horizontally  by  nuts  on  the  front  box.  The  table  is  fed  automatically, 
the  feed  being  disconnected  by  the  adjustable  stop  E.  The  spindle  of 
the  machine  is  provided  with  anti-friction  bearings  and  arrangements 
to  close  up  as  wear  takes  place.  Attached  to  the  stand  is  a table,  G,  for 
holding  work,  tools,  &c. 

The  whole  length  of  the  table  is  28  inches,  and  whole  width  of  table  is 
9J  inches ; the  distance  of  feed  of  table  is  18  inches,  and  the  height  of 
center  above  table,  at  the  lowest  point,  is  2|  inches ; the  height  of  center 
above  table,  at  the  highest  point,  is  6 inches ; the  vise-jaws  are  5 inches 
long  and  1 inch  deep. 

244.  The  most  beautiful  machine  in  this  collection,  however,  was  the 
“universal-milling-machine,”  the  same  tool  which  attracted  so  much 
attention  and  secured  so  high  an  award  at  Paris  in  1867.  (Fig.  116.) 

The  machine  has  all  the  movements  of  a plain  milling-machine,  and 
the  following  in  addition  : The  carriage  moves  and  is  fed  automatically, 
not  only  at  right  angles  to  the  spindle,  but  at  any  angle,  and  can  be 
stopped  at  any  required  point.  On  the  carriage,  centers  are  arranged  in 
which  reamers,  drills,  and  mills  can  be  cut  either  straight  or  spiral.  Spur 
and  beveled  gears  can  also  be  conveniently  cut.  The  head  which  holds 


Fig.  117, — Gear-cutting  attachment  to  the  universal  milling-machine. 

one  center  can  be  raised  to  any  angle,  and  conical  blanks  placed  on  an 
arbor  in  it  cut  straight  or  spirally.  Either  right  or  left  hand  spirals  can 
be  cut.  The  pulleys  on  counter-shaft  are  14  inches  in  diameter,  and  the 
whole  width  of  the  three  15  inches.  The  counter-shaft  runs  110  turns 
per  minute.  The  weight  of  the  machine,  with  overhead  work,  prepared 
for  shipment,  is  about  1,500  pounds. 

The  machine,  with  the  attachments  just  exhibited  and  enumerated,  is 
capable  of  doing  an  immense  variety  of  work  which  cannot  be  done 
conveniently  or  well  by  the  ordinary  standard  machines.  Its  extremely 
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accurate  workmanship  and  its  convenience  of  adjustment  and  operation 
make  it  a most  valuable  addition  to  the  usual  machine-shop  plant. 

Tlie  writer  has  had  ample  opportunity  to  study  this  machine,  as  fitted 
up  in  the  workshop  of  the  Mechanical  Laboratory  of  the  Department  of 
Engineering  of  the  Stevens  Institute  of  Technology,  and  has  been 
unusually  pleased  with  its  beautiful  workmanship ; its  remarkable  range 
of  application  and  the  excellence  of  work  done  by  it. 

The  machine  is  also  furnished  with  a gear-cutting  attachment,  (Fig. 
117.)  This  is  designed  to  accelerate  the  operation  of  cutting  gear-wheels 
and  for  culling  larger  and  heavier  wheels  than  can  be  cut  with  the 
ordinary  apparatus  belonging  to  the  universal-inilling-machine.  It 
swings  13  inches,  and  is  furnished  with  a 20-iuch  index  containing 
4,294  holes.  It  will  divide  all  numbers  to  75  and  all  even  numbers  to 
150.  Arbors  fitted  to  the  universal-inilling-machine  can  be  used  in 
this  attachment.  The  screw  w ith  set-nuts  over  the  spindle  is  designed 
as  a support  for  the  wheel  while  being  cut. 

The  collections  of  the  three  firms  above  described  were  unrivalled  in 
the  whole  Exhibition,  and  were  commended,  by  all  who  saw  them,  as 
equally  admirable  in  design,  material,  and  w’orkmanship. 

245.  Messrs.  Stiles  & Parker,  of  Middletown,  Conn.,  exhibited  a 
collection  of  tools  for  various  uses.  The  most  interesting  were  their 
lire.sses. 

The  Hotchkiss  and  Stiles  drop-press  (Fig.  118)  is  of  that  class  in  which 
the  hammer  is  raised  by  a stift’  belt  or  a board  passing  up  between  two 
friction-rolls.  The  improvements  of  this  drop  are  those  of  Mr.  Bennett 
Hotchkiss;  the  firm  claim  the  following: 

1st.  Such  an  arrangement  of  parts  that  it  makes  a very  excellent  job- 
bing-hammer. They  expect  it  to  take  the  place,  to  a great  extent,  of  all 
other  kinds  for  forging.  In  addition  to  the  upright  rod,  w’hich  is 
operated  by  the  hammer  to  open  and  close  the  rolls,  they  have  placed 
another  rod,  the  lower  end  of  wiiich  is  secured  to  the  end  of  a lever, 
w hich  is  operated  by  the  hand  or  foot,  wiiich  operation  also  opens  and 
closes  the  rolls  at  will.  The  lower  end  of  this  rod  has  a slot,  so  that  the 
action  of  the  hammer  will  not  disturb  the  haud-Iever,  thereby  prevent- 
ing the  hand  being  injured,  as  otherwise  would  be  the  case. 

2d.  i^o  dog  is  used  on  the  upright  to  hold  up  the  hammer.  The  belt 
or  board  j>as8e8  up  betw'een  tw'o  clainjis,  situated  under  the  rolls,  so 
arranged  that  as  the  hammer  ascends  they  will  freely  open  them- 
selves, but  on  descending  they  will  close  and  hold  up  the  hammer. 
To  let  the  hammer  fall,  the  clamps  are  opened  by  pressing  upon  the  foot- 
treadle. 

3d.  The  board  or  belt  is  secured  to  the  hamuier  bv  an  elastic  conuec- 

♦ ^ 

tion,  which  prevents  the  sudden  jar,  and  its  cousecpient  destruction.  The 
back  is  made  adjustable  to  different  thickness  of 'board  or  belt,  ns  also 
are  the  clamp.s.  An  adjustable  collar  on  the  upright  rod  allows  the 
operator  to  obtain  any  height  of  blow'  desired  automatically.  If  one  blow 


237 


STILES  & Parker’s  tools. 


Fig.  118. — The  Hotchkiss  or  friction-roller  drop,  with  Stiles’  improvements. 
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is  wiintecl,  he  first  presses  upon  the  treadle,  then  removes  the  pressure 
as  soon  as  the  blow  is  given.  Keeping  the  foot  upon  the  treadle,  the 
blows  are  repeated  until  the  foot  is  removed.  If  a blow  of  less  height 
than  the  collar  is  set  for  is  required,  tlie  hand-lever  is  used,  giviug  auy 


Fig.  111). — The  Stiles  power-punching  press. 


height  of  blow  desired.  The  hammer  can  be  held  up  at  any  point  below 
the  collar  by  bringing  the  hand-lover  into  action  when  the  hammer  is  at 
the  desired  height,  so  that  the  next  blow  can  be  given  from  a state  of 
rest  of  less  height  than  the  collar  is  set  fur.  This  is  a feature,  it  is  said, 
which  no  other  drop  has;  thus  the  first  blow  struck  can  be  of  less  height 
than  the  second  or  third,  and  obtained  from  a state  of  rest.  A gentle 
pre.ssure  of  the  foot  upon  the  treadle  will  allow  the  hammer  to  go  down 
slowly,  but  it  will  stop  and  remain  suspended  at  any  x)oiut  as  soon  as 
the  pressure  is  removed. 

The  clamps  holding  up  the  hammer  keep  the  board  from  touching 
either  roll,  and  this  prevents  them  from  being  worn  unevenl}^ 

240.  Fig.  I IB  represents  the  Stiles  power-punching  press,  as  exhib- 
ited by  the  same  firm,  and  Fig.  120  illustrates  the  construction  of  a 
much  more  iiowerful  tool  of  the  same  kind.  These  tools  are  neat  and 
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substantial  in  design,  well  built,  and  possess  some  decided  advantages 
over  older  forms  of  press. 

It  is  important  that  the  press  should  be  so  arranged  that  it  may  be 
stopped  after  a single  revolution  and  at  the  top  of  its  stroke,  in  order 
that  the  work  may  not  be  spoiled  by  the  return  of  the  die  before  the 
workman  brings  it  into  the  right  position  for  the  succeeding  action  of 
the  punch,  and  in  order  that  there  may  be  the  greatest  possible  amount 
of  room  for  the  adjustment  of  the  piece.  Many  ways  of  accomplishing 
this  result  have  been  tried.  In  these  presses  the  device  is  very  simple 
and  perfectly  effective. 

The  upper  end  of  the  pitman  or  driving-rod  carrying  the  slide  is 
bored  out  sufficiently  to  receive  an  eccentric  which  fits  the  crank  shaft 
snugly,  but  which  may  still  slide  freely.  This  eccentric  is  turned  by  a 
small  pinion  on  the  head  of  the  pitman,  which  pinion  is  turned  by  a 
handle  projecting  at  the  side.  Turniug  the  eccentric,  the  punch  is  raised 
or  lowered,  still  remaining  in  rigid  connection  with  the  driving-shaft. 
The  length  of  stroke  is  not  varied,  but  the  limits  of  throw  are  altered 
by  the  full  range  of  the  eccentric.  When  it  is  turned  <lown  the  punch 
rises  clear  of  the  metal  to  be  punched,  then  desceiids  through  it  aud 
into  the  die.  When  turned  up,  the  punch  still  rises  aud  falls,  but  never 
descends  so  far  as  to  strike  the  plate  or  the  piece  of  metal  which  the 
workman  is  adjusting  upon  the  die.  Those  parts  are  of  steel,  with 
bronze  (gun-metal)  bushings  on  the  crank-pin  and  shaft,  which  may  be 
replaced  whenever  worn.  This  gives  great  accuracy  of  action  without 
throwing  the  bearings  out  of  line  or  bringing  any  extraordinary  strain 

ui)on  the  machine. 

The  automatic  stop  ai)plied  to  these  machines  is  an  excellent  improve- 
ment. The  punch  may  not  only  bo  stopped  at  the  highest  point,  but 
also  with  the  punch  close  to  the  sheet  when  the  workman  wishes  to 

secure  unusual  accuracy  of  iuljustment. 

The  manufacturers  stated  that  they  have  built  eight  thousand  ot  these 
presses  on  orders  in  the  United  States,  aud  had  filled  orders  forgo>er[i- 
ment  and  private  shops  in  nearly  all  European  countries,  the  Prussian 
government  having  taken  fifty  machines. 

247.  British  criticisms  of  American  designs.— The  distinguished 
British  authority  already  quoted  concludes  a survey  of  the  American 
tools,  of  which  the  description  has  just  been  given  in  greater  detail,  h) 
remarks  which  are  of  the  most  complimentary  character,  and,  made  as 
they  are  byawritcr  who  has  no  interest  in  doing  more  than  simple  justice 
to  our  countrymen,  ami  who  would  naturally  be  expected  to  be  iiilln- 
enced,  if  in  either  direction,  by  a natural  prejudice  in  favor  of  British 
tools  and  tool-buildors,  are  likely  to  prov’c  most  gratifying  to  exery 
citizen  of  the  United  States. 

The  friendly  criticism,  at  the  same  time  made,  is  well  founded,  aud 
will  be  receiv'ed  in  the  same  fair  spirit  in  which  it  is  given. 

London  Engineering  remarks  that  the  American  metal-working  too  s 
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“ are  of  special  interest,  and  that  they  are  decidedly  characterized  by  great 
originality  of  design.  In  this  respect  they  are,  in  fact,  distinguished 
beyond  any  other  collection  of  machine-tools  at  Vienna,  each  tool 
shown  in  the  American  section  being  a specialty  of  its  makers,  and 
embodying  a greater  or  less  number  of  ingenious  devices,  which  dis- 
tinguish it  from  the  production  of  other  firms.  The  workmanship,  too, 
of  the  various  machines  shown  is  excellent,  and  every  care  appears  to 
have  been  taken  to  insure  accuracy.  The  only  fault,  in  fact,  which  we 
have  to  find  with  the  American  machine-tools  is  that  some  of  the  frames 
are  not  what  they  should  be.  With  a few  exceptions — and  notably 
Messrs.  Sellers,  whose  frames  are  excellent — our  American  friends  are 
apt  to  run  a little  wild  in  the  matter  of  frames,  and  we  miss  in  their 
designs  the  solidity  and  simplicity  which  distinguish  the  productions  of 
our  leading  English  firms.  Hollow  or  cored  frames  are  not  so  largely 
used  in  the  United  States  as  they  are  now  with  us,  and  the  ribbed 
frames  which  are  adopted,  although  probably  amply  strong  enough  for 
their  work,  are  apt  to  be  distinguished  by  many  unnecessary  curves  and 
twists,  which  certainly  do  not  add  to  their  rigidity,  and  which  we  can- 
not regard  as  lines  of  beauty.  This  is  especially  noticeable  with  the 
legs  for  supporting  the  smaller  machines.  In  the  design  of  machine- 
framing  there  is,  however,  we  believe,  a steady  improvement  taking 
place  among  American  makers,  and  we  expect  that  in  a few  years  the 
productions  of  all  the  leading  firms  will  be  as  good  in  this  respect  as 
.they  undoubtedly  now  are  in  other  and  perhaps  more  important  details.^^ 

The  same  periodical,  in  commenting  upon  the  exhibit  of  machinery 
in  the  United  States  section  of  the  Paris  Exhibition  of  1867,  remarks 
of  the  machines  of  Sellers  & Co. : “ In  the  designs  it  would  be  difficult  to 
point  out  any  precise  English  original ; there  is  nothing  but  the  mode 
of  distributing  the  material,  and  the  manner  in  which  most  of  the  de- 
tails are  constructed,  which  shows  Mr.  Sellers’s  really  intimate  acquaint- 
ance with  English  practice.  In  every  other  respect  th6re  is  a decided 
originality  about  these  machines,  placing  them  upon  a totally  different 
level  from  mere  imitations,  and  giving  in  many  instances  to  Mr.  Sellers 
the  credit  of  having  originated  some  of  the  most  useful  specialties  of 
tools  now  to  be  found  in  English  workshops.” 

248.  What  is  here  said  of  Sellers  & Co.  is.  also  true  of  nearly  all  Amer- 
ican mannfacturers  who  sent  their  goods  to  Vienna,  ximerican  inge- 
nuity and  the  American  system  of  manufacturing  in  large  numbers  and 
with  exchangeable  parts,  and  the  use  of  special  tools,  are  well  recog- 
nized throughout  Europe,  and  are  noted  by  all  engineering  papers. 
Builders  of  machinery  from  all  countries,  and  professional  engineers  of 
every  class,  stated  that  the  United  States  section  was  to  them,  small  as 
was  the  collection,  a mine  of  wealth  in  its  combined  originality  and  ex- 
cellence of  both  design  and  construction.  The  only  real  competition  is 
between  American  and  British  builders,  and  here  it  is  extremely  close, 
as  it  should  be  expected  to  be  between  what  are  really  divisions  of  the 
16  MA  ' 
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same  uatiou.  Could  we  combine  more  thoroughly  British  solidity  aud 
thoroughness  of  work  with  the  distinctive  excellencies  of  the  work  of  our 
people,  we  should  never  find  dangerous  rivals.  The  Germans  ai-e  not 
unlikely,  however,  to  develop  ultimately  such  a combination  of  character- 
istics, and  we  may  well  congratulate  ourselves  as  a nation  that  so  large 
a proportion  of  our  foreign  impulation  is  coming  from  Northern  Euope. 

The  criticism  of  American  machine-tools  given  above  was  taken  from 
a British  journal  as,  in  the  main,  very  just,  and  as  coming  from  an  un- 
prejudiced foreign  authority  of  well-recognized  standing.  The  follow- 
iug  are  remarks  made  by  the  same  authority  upon  the  British  exhibits: 

“Leaving  the  American  collection,  and  passing  on  to  the  British  section 
we  cannot  but  be  struck  by  the  dill'erenco  in  the  character  of  the  exhibits. 
In  the  American  department  almost  every  tool  possesses  some  novel 
feature,  and  each  is  distinguished  by  an  individuality  which  shows  it 
to  bo  the  special  design  of  its  maker;  while  in  the  British  section  the 
great  majority  of  the  tools  are  reproductions  of  old  and  w ell-known  pat- 
terns, possessing  scarcely  any  interest  whatever  as  exhibits.  Messrs. 
Bharpe,  Stewart  Si  Co.,  of  Manchester,  show,  it  is  true,  a collection  of 
tools  which,  as  far  as  good  design  and  workuianshiji  are  concerned,  are 
all  that  could  be  wished  for;  but  we  could  have  wished  that  the  exhib- 
its of  this  firm  had  been  accompanied  by  others  from  our  other  leading 
makers.” 

241).  The  British  METAL-wouiaKG  tools  were  usually  well  de- 
signed and  splendidly  coustructeil,  of  the  best  material. 

The  firm  of  Hharpe,  Stewart  & Co.  were  not  as  fully  represented  as 
a subsequent  visit  to  their  establi.shment  indicated  that  they  should  have 
been.  In  their  exhibit  was  a Sellers  planing-machine,  of  which  the 
Messrs.  Sellers  themselves  need  not  have  been  ashamed,  but  with  some 
slight  modifications  of  design,  w hich  were,  perhaps,  of  doubtful  value. 
Their  slotting-machines  w'ere  fine  tools,  but  demand  no  detailed  descrip- 
tion. Their  shai>ing-machines  and  their  drilling-machines  w ere  of  the 
best  proportion  and  the  finest  workmanship. 

The  Webb  wheel-finishing  machine,  for  trimming  out  the  insides 
of  the  rims  of  raihvay- wheels,  w as  oneof  the  best  tools  here.  The  forged 
wheel  is  a somewhat  awkw'ard  jiiece  to  finish  up. 

The  machine  was  designed,by  Mr.  Webb,  of  the  London  and  North- 
western Bail  way  Company,  and  is  of  some  value  as  assisting  in  an  impor- 
tant degree  by  trimming  out  the  inside  of  the  wheel  rim -between  the 
8poke.s.  It  is  .shown  in  f lie  accompanying  sketch.  Fig.  121.  It  consists 
of  a strong  bed,  like  a lathe-bed,  on  which  is  mounted  a horizontal  face- 
plate w hich  may  be  rotated  by  means  of  a w’orm  acting  upon  a screw 
cut  upon  its  periphery.  On  this  face-plate  the  w heel  is  carefully  set  so 
that  its  center  may  coincide  w ith  that  of  the  jdate,  and  it  is  then  clamped 
firmly  in  jilace.  At  the  extreme  end  of  the  bed-piece  is  mounted  a train 
of  g«*aring  driving  a disk  which  carries  a pin.  This  pin  engages  the 
arm  of  a lever,  giving  it  a slow’  rise  and  quick  return-stroke.  On  the 
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opposite  side  of  the  fulcrum  is  au  arm  carrying  the  tool-holder,  which  is 
thus  made  to  vibrate  in  au  arc  of  proper  radius  to  shape  the  iuterior  of 
the  wheel-rim,  giving  the  desired  convexity.  The  position  of  the  face- 
plate is  determined  by  the  size  of  wheel  to  be  planed  up,  aud  is  adjusted 
by  a screw  traversing  the  bed,  like  the  feed-screw  of  a lathe,  aud  moved 
by  a handle  at  the  end. 


Fig.  121. — Webb’s  wbeel-fiuishiug  machine. 


250.  Messrs.  C.  De  Bergue  & Co.  displayed  one  of  the  finest  col- 
lections ot  machine-tools  in  the  machinery-hall.  Tliey  were  best  repre- 
sented by  their  boiler-makers’  tools,  of  which  they  seem  to  make  a spe- 
cialty. 

Their  punchiug-machines  were  heavy  tools,  and  drove  their  punches 
through  the  heavy  iron  plates  without  the  slightest  springing  and  with- 
out the  slightest  check  in  their  movement.  Tlie  shears  were  equally 
strong  and  well  made.  The  most  interesting  tool  was  the  rivet-making 
machine.  It  was,  however,  less  perfect  than  those  which  our  own  me- 
chanics are  familiar  with,  and  deserves  mention  principally  because  of 
its  substantial  design  and  its  excellence  of  material  aud  workmanship. 

Messrs.  Hind  & Oo.  exhibited  some  plain,  strong,  well-built  tools, 
which  were  evidently  intended  for  hard  service,  aud,  although  well  made, 
were  by  no  means  extravagantly  finished.  They  exhibited  no  noticea- 
ble novelties  in  design,  and  there  seemed  to  be  no  points  in  their  prac- 
tice which  might  serve  as  models  to  our  own  builders. 

Messrs.  Kew  & Co.  exhibited  a good  collection  of  tools  of  common 
forms  and  of  plain  finish.  The  work  on  them  was  fairly  done,  and  the 
tools  were  such  as  would  find  a good  market  among  dealers  in  low- 
priced  machinery.  Their  railroad-axle  and  wheel-turning  lathes  were 
excellent  tools. 
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The  Britisli  exhibit  of  machiiio-tools  was  not  what  it  had  been  hoped 
and  expected  that  it  might  bo.  The  reason  given  for  the  non-appear- 
ance of  many  well-known  linns  and  for  the  small  collection  of  tools  ex- 
hibited by  those  who  did  present  themselves  was  the  fact  that  tool- 
builders  had  been  extremely  busy  for  many  months  preceding  the  open- 
ing of  the  Exhibition,  and  had  been  unable,  frequently,  to  fill  regular 
orders.  It  is  greatly  to  bo  regretted  that  so  few  of  the  most  celebrated 
English  and  Scotch  makers  were  represented,  and  that  out  of  a vast 
number  of  new  and  important  improvements  which  have  lately  be^ii 
made  by  them,  but  a very  small  fraction  should  have  been  exhibited. 

251.  The  “ Artisan  ” reporter  to  the  British  “ Society  for  the  Promo, 
tion  of  Scientific  Industry’^  remarks,  in  his  report  to  that  society  on  ma. 
chine-tools:  “I  may  say  that  1 was  very  much  disappointed  with  the 

exhibits  from  our  own  country.” 

• « • # « « • 

“ Comparing  the  whole  of  the  English  exhibits  with  those  of  Germany 
and  Austria,  wo  are  entirely  put  in  the  shade.  I am  glad  to  say  that 
this  country  was  very  badly  represented,  and  must  not  be  judged  by  her 
exhibits  at  Vienna,  or  else,  in  place  of  standing  A I,  she  will  sink  below 
Germany,  Austria,  and  America.” 

A careful  inspection  and  comparison  of  all  exhibits  in  this  class 
would,  however,  indicate  that  the  last-quoted  writer  was  somewhat  too 
severe  in  his  judgment  of  his  own  people. 

252.  French,  Belgian,  and  Swiss  metal-working  tools.— In 
other  sections  there  was  comparatively  little  which  requires  description. 

The  French  tools  possessed  neither  the  substantial  character  of  the 
British  nor  the  peculiarly  ingenious  adaptation  to  their  work  noticed  in 
American  tools,  but  many  of  them  were  of  good  design  and  elegant 
form,  and  were  very  well  finished.  In  the  French  section,  there  was  an 
extraordinarily  large  display  of  machinery  for  the  manufacture  of  choc- 
olate, and  of  soda-water,  and  of  soaps,  some  of  which  were  remarkably 
ingenious  and  very  efficient. 

Messrs.  Dandoy-Maillard  & Cie,  makers  of  light  machine-tools, 
exhibited  some  very  good  machinery,  and  some  of  the  tools  very  in- 
geniously adapted  to  8[)ecial  purposes. 

L.  Deny  exhibited  a collection  of  presses  and  mint-machinery  of  ex- 
cellent design  and  construction.  The  finish  was  the  best  seen  ifi  this 
section.  Their  coining-press  was  driven  by  friction-wheels  arranged  to 
reverse  promptly,  and  they  worked  .admirably.  The  products  of  these 
presses  were  coins  and  various  kinds  of  peculiarly-shaped  pieces,  such 
as  are  more  frequently  made  in  the  United  States  by  means  of  the  drop- 
press,  and  also  what  are  sometimes  designated  as  “ Birmingham  wares.’’ 
In  many  cases,  they  were  beautifull}'  executed.  Each  member  of  the 
jury  was  presented  with  samples  of  this  work  and  of  medals  struck  off 
in  their  presence. 

MM.  Lambert  & Cie  exhibited  nail-making  machinery,  which  was 
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well  made  and  did  good  work.  As  the  best  work  of  this  kind  is  prob- 
ably done  in  the  United  States,  it  is  unnecessary  to  describe  this  exhibit. 

MM.  Bariquand  & Fils  exhibited  the  finest  collection  of  “/Vaises” — 
rotary  cutters  for  milling-machines — that  the  writer  has  ever  seen. 
They  were  equally  remarkable  for  their  variety  of  form,  excellence  of 
workmanship,  and  cheapness.  The  exhibitors  state  that  they  repre- 
sented, in  material,  workmanship,  and  finish,  their  standard  marketable 
products,  and  that  equally  excellent  cutters  were  invariably  furnished 
at  the  prices  given  in  the  catalogues  furnished  to  the  jury. 

Belgian  tools  were,  in  character,  intermediate  between  those  of  France 
and  of  Great  Britain.  They  were  usually  of  excellent  character. 

The  principal  exhibitor  was  the  firm  of  Bede  & Co.,  of  Verviers,  who 
also  exhibited  a large  collection  of  textile  machinery.  There  were,  how- 
ever, no  new  designs. 

An  Alsacian  firm,  the  proprietors  of  the  Ateliers  Ducommun,  ex- 
hibited some  of  the  best  tools  in  the  Exhibition.  Some  of  them  were  of 
original  design,  and  all  were  of  excellent  material  and  fine  workman- 
ship. Among  their  tools  was  a copy  of  an  American  screw-cutting 
machine,  which  was  an  acknowledged  fac-similej  but  as  it  was  a fac- 
simile in  excellence  of  construction  as  well  as  in  design,  its  presence 
was  a compliment  to  the  original  manufacturers  with  which  they  may 
justly  feel  pleased. 

253.  Eieter  & Co.,  of  Winterthur,  Switzerland,  exhibited  most  cred- 
itable work,  and  of  designs  which  were  in  some  cases  novel;  in  other 
instances,  they  were  very  nearly  fac-similes  of  tools  well  known  in  the 
United  States.  This  Swiss  work  was  generally  excellent.  The  most 
noticeable  machine  was  a large  and  heavy  drilling-machine,  in  which 
the  drill-spindle  was  mounted  on  a traversing-head,  somewhat  resem- 
bling that  of  a planer,  which  head  was  made  capable  of  sliding  laterally, 
with  a reciprocating  movement,  for  the  purpose  of  working  out  slots. 
This  traversing  motion  was  given  by  a revolving  disk,  recessed  into  the 
main  cross-head,  or  girder,  which  disk  carried  a pin  connected  by  a 
rod  to  the  drill-holder.  The  motion  of  the  disk  was  obtained  by  a very 
neatly-arranged  train  of  mechanism,  which  attracted  much  attention 
from  the  jury. 

254.  Other  European  tools. — The  firm  of  Pfaff,  Fernau  & Co.,  of 
Vienna,  exhibited  a considerable  collection  of  tools  of  good  design,  and 
of  unusually  excellent  workmanship. 

Zimmermann,  of  Chemnitz,  Saxony^  and  his  rivals,  Schmalz  and  Hart- 
mann, presented  collections  of  tools,  of  which  the  designs  were  evi- 
dently British  and  American.  They  were  of  good  material,  and  usually 
of  most  creditable  finish. 

Bede  & Co.,  of  Verviers,  Belgium,  exhibited  the  best  work  from  that 
country.  Belgian  work  stands  only  second  to  the  British  and  American. 

The  Swedish  section  contained  some  very  good  tools,  of  designs  which 
were  in  several  instances  of  American  origin.  They  deserved  more  con- 
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sideration  than  they  received.  They  were  usually  of  designs  familiar  to 
American  mechanics,  and  chosen  with  an  intelligence  that  indicated  au 
appreciation  of  their  best  points.  The  material  was  apparently  excel- 
lent, as  might  be  expected  of  the  country  which  has  the  reputation  of 
producing  the  finest  iron  in  the  world.  The  workmanship  was  good, 
and  the  finish  was  appropriate,  sensible,  and  satisfactory. 


Vienna  Exhibition  1873 


Mach  i n e py.  etc. 
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255.  The  same  characteristics  which  are  observed  in  the  study  of  the 
metal-working  tools  of  the  several  nations  are  also  seen  in  even  a more 
marked  degree  in  the  wood- working  machinery. 

Here,  also,  the  sharpest  competition  was  between  the  builders  of  the 
United  States  and  those  of  Great  Britain.  The  several  principal  types 
of  wood-working  machinery  are  probably  of  British  origin.  American 
mechanics  have,  however,  originated  a vast  number  of  machines  for 
special  purposes,  and  have  so  improved  many  machines  which  have 
been  long  known  that  they  are  almost  to  be  regarded  as  new  tools. 

British  and  other  European  builders  have  copied  extensively  from 
our  own  makers  of  tools,  and  have  frequently  modified  the  designs.  In 
such  cases,  British  makers  have  sometimes  improved  the  machines  by 
strengthening  and  stiffening  them,  enabling  them  to  do  more  and 
heavier  work,  while  adding  somewhat  to  their  cost.  Continental  builders 
have  rarely  improved  these  tools  while  copying  them ; and  having  copied 
them  in  some  cases  with  modifications,  they  have  exhibited  an  unhappy 
facility  of  detracting  from  their  efficiency  where  it  was  intended  to 
improve  them. 

256.  General  characteristics. — The  first  notable  distinction,  this 
difference  in  the  weight  and  solidity  of  British  and  American  tools, 
strikes  the  eye  of  the  mechanic  at  once.  The  former  are  also  invariably 
painted  with  j)lain  colors,  while  the  latter  are  sometimes  most  elab- 
orately adorned  with  a variety  of  colors,  which  offend  the  eye  by  their 
intensity,  their  inappropriateness,  and  their  inharmonious  arrangement. 
The  forms  of  the  tools  from  the  United  States,  and  their  general  design, 
indicated,  by  their  variety  and  their  special  characteristics,  the  wonderful 
variety  of  wood-working  to  which  they  must  be  adapted  to  meet  the 
demands  of  purchasers  in  this  country.  European  tools  were  in  less 
variety  and  were  more  generally  intended  for  a few  standard  applica- 
tions. 

The  British  ‘‘  Universal  Joiner”  is  a form  of  tool  much  less  frequently 
seen  in  the  United  States.  It  consists  of  a combination  of  several  tools 
mounted  on  a common  frame.  For  example,  a circular  saw,  a planing- 
machine,  a molding-machine,  a mortising  and  a tenoning  machine,  are 
frequently  all  made  to  form  parts  of  a single  complex  tool.  The  combi- 
nation makes  a vefy  compact  machine,  and  its  cost  is  less  than  would 


Fig.  123. — B.  D.  Whitney’s  cylindrical  saw 
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be  that  of  tbe  several  machines  if  built  separately.  It  would  not  suit 
the  purposes  of  large  establishments,  but  probably  answers  well  for 
small  shops.  This  was  the  most  noticeable  wood-working  tool  in  the 
British  section. 

257.  American  tools— B.  D.  Whitney^s  pail-iviachinery.— Taking 
up  this  class  of  machiuery  in  greater  detail,  space  should  be  given  for 
an  extended  description  of  the  pail-making  machinery  of  Mr.  B.  D. 
Whitney,  which  attracted  more  attention  from  visitors  than  probably 
any  other  collection  of  machinery  in  the  exhibition,  and  which  was  re- 
markable alike  for  its  ingenuity  in  general  design,  its  richness  in  original 
details,  and  for  the  perfect  adaptation  of  each  machine  to  its  special 
work. 

There  were  two  of  these  machines,  one  of  which  resembles,  however,  the 
universal  joiner  above  described.  The  other  machine  was  a cylindrical 
saw,  (Fig.  123,  page  248.)  A steel  cylinder,  of  the  thickness  proper  for  a 
saw-blade,  and  having  teeth  cut  at  the  outer  end,  was  carried  at  the  ex- 
tremity of  a well-supt)orted  horizontal  siiindle.  The  length  of  the  cylinder 
was  somewhat  greater  than  that  of  the  pail  for  which  it  was  to  cut  the 
staves,  and  its  diameter  such  that  it  gave  them  the  proper  concavity 
or  convexity  of  surface.  Staves  were  first  taken  ‘^in  the  rough”  to  the 
cylindrical  saw,  where,  mouuted  upon  a rest  having  a motion  parallel 
to  the  axis  of  the  saw-spindle,  they  were  cut  into  shape.  They  were 
given  the  proper  bevel  by  a saw  mounted  on  the  larger  machine,  the 
rest  being  mouuted  on  a horizontal  spindle,  of  which  the  center  line 
held  4he  same  position  relatively  to  the  stave  that  the  center  line 
through  the  pail  would  have  when  the  stave  was  finally  fitted  in  its 
place. 

The  length  of  the  stave  was  next  made  right  by  passing  it  between  a 
pair  of  circular  saws  mounted  on  the  same  arbor;  and  finally  the  grooves 
for  securing  the  bottom  were  cut  by  a revolving  cutter  in  a lathe  in 
which  the  pail  was  first  put  together  in  a hollow  chuck,  finished  inside, 
the  top  edge  properly  beveled,  and  the  upper  hoop  forced  on.  The 
bottom  was  turned  and  put  in  place,  and  the  other  hoops  being  driven 
on,  the  pail  is  taken  out  ready  to  receive  the  handle  and  then  to  go  into 
the  market.  Somewhat  similar  methods  are  adopted  in  the  barrel-mak- 
ing machinery  made  by  the  same  ingenious  mechanic. 

258.  In  Mr.  Whitney^s  “ gauge-lathe,”  (Fig.  124,)  for  turning  ex- 
ceptional shapes,  three  cutting-tools  are  used  : oue  for  turning  the  stick 
to  a rough  cylindrical  form;  a second  to  rough  out  the  irregular  outlines 
wanted  ; and  a third  to  smooth-finish  it.  The  second  cutter  is  caused  to 
approach  or  recede  from  the  line  of  centers  by  a templet,  against  which 
the  tool-holder  rests  and  along  which  it  slides.  The  roughing-tools  are 
of  the  usual  V-shape.  The  finishing-tool  is  a long  blade,  set  at  an 
angle  with  the  center  line  of  the  lathe  in  order  to  take  a smooth  shav- 
ing. Its  edge  is  given  such  a shape  that  it  finishes  the  work  accurately. 

The  piece  to  be  turned  is  supported  between  centers  by  a ring,  and 
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Fig.  125. — B.  D.  Whitney’s  smoothing-machine. 


252 


VIENNA  INTERNATIONAL  EXIllBITION,  1873. 


the  workman  is  thus  enabled  to  turn  a comparatively  loiifj  and  slender 
stick.  The  movement  of  the  slide-rest  which  actuates  the  cutters  is 
checked  at  the  end  of  its  throw  by  a self-acting  stop. 

259.  Whitney’s  scraper. — Another  original  design  by  the  same 
exhibitor  is  his  scraper,”  a machine  for  giving  a line  surface  to  hard 
woods,  particularly  where  the  grain  is  irregular.  Thid  is  a plauing- 
machiiie,  in  which  the  wood  is  carried  l)y  rolls  suitably  placed^agaiust  a 
stationary  cutter. 


Fig.  1‘2(). — R.  V.  Whitney’s  cylinder  phiuinii-niachiue. 


This  cutter  is  a steel  blade  ol  sufticient  length  to  extend  across  the 
machine,  secured  in  a block  of  such  strength  as  to  be  safe  against 
springing.  This  blade  is  exceedingly  shar[),  and  has  the  feather-edge 
which  is  generally  considered  essential  in  a scraping-tool  for  wood.  The 
blade  is  veiy  careful!}’  set  to  take  the  thinnest  possible  shaving  from 
the  surface  of  the  wood,  which  is  given  an  ordinary  good  linish  on  the 
planing-machine  before  it  is  sent  to  the  scraper.  A little  machine 
accompanies  the  scraper  specially  designed  to  sharpen  the  blade.  It 
consists  of  a pair  of  emery-wheels,  so  set  that  one  can  bevel  the  edge 
of  the  cutter  while  the  other  srpuires  up  the  face.  The  blade  is  clamped, 
during  the  operation,  between  a pair  of  jaws,  which  hold  it  firmly  and 
precisely  in  position.  As  the  sharpened  blade  passes  from  under  these 
wheels,  a stationary  steel  bar  touches  the  edge,  and,  sliding  along  it, 
turns  it,  producing  the  feather-edge.  Mr.  Whitney  states  that  this  tool, 
if  of  good  steel  and  well  managed,  will  scrape  several  thousand  square 
feet  of  hard  wood  without  regrinding  or  resetting. 
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260.  Several  other  tools — a oeat  little  fret  saw,  beautifully  balanced; 
a tenon-drill,  with  table  adjustable  in  all  directions ; a circular-saw 
bench  carrying  two  saws,  one  a cross-cut,  the  other  a rip  saw,  either  of 
which  can  be  brought  into  use  as  needed ; and  a planing-machine,  with 
adjustable  table — were  in  this  collection,  and  were  greatly  admired  by 
all  who  were  capable  of  criticising  them. 

261.  Whitney’s  band-saw. — The  band-saw  exhibited  by  Mr.  Whit- 
ney has  already  been  mentioned.  It  was  thought  by  many  the  most 
thoroughly  well-considered  design  in  this  department  of  mechanism 
to  be  found  in  the  whole  Ausstellung. 

The  saw  was  supported  against  the  backward  push  of  the  work  by  a 
steel  disk,  set  with  its  center  at  one  side  of  the  line  of  the  blade,  and 
kept  slowly  revolving  by  a little  worm  and  gear  receiving  motion  from 
jthe  axle  of  the  upper  band-wheel. 


Fig.  127. — B.  D.  Whitney’s  bantl-saw. 


The  spring  of  the  blade  and  the  alteration  of  length  due  to  change 
of  temperature  was  jirovided  against  by  hanging  the  upper  wheel  in  a 
journal  carried  on  a pivoted  arm,  the  opposite  extremity  of  which  was 
sustained  by  a rubber  spring.  The  arrangement  was  shown,  by  careful 
and  repeated  experiments,  to  be  very  perfect  in  action,  and  the  uniform 
tension  thus  secured  must  have  considerable  effect  in  diminishing  the 
risk  of  breakage  of  the  saw-blade.  The  wheels  carrying  the  band  are 
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usually  ov^erhung  in  siicU  a luauiior  as  to  create  a side-strain,  teudiug  to 
cramp  the  shafts  in  their  journals,  and  to  cause  heating,  as  well  as  to 
make  it  ditiicult  to  insure  the  blade  against  excessive  and  varying 
strains.  In  this  exanii)le,  the  wheel  was  “dished”  in  such  a manner  (see 
Fig.  127)  as  to  bring  the  line  of  pull  on  the  blade  into  a plane  passing 
through  the  center  of  the  length  of  journal. 

2G2.  The  band-saw  of  xMessrs.  Richards,  London  & Kelley,  of 
Philadelphia,  was  the  only  tool  shown,  built  by  that  justly-distinguished 
firm.  In  neatness  of  design  it  excelled  all  others  of  its  class.  The  frame 
was  simple,  strong,  and  stiff;  the  parts  wore  well  put  together;  tlie  table 
had  a convenient  method  of  adjustment ; the  wheels  were  light,  but  stiff 
and  strong;  the  expansion  and  contraction  of  the  blades  were  provided 


Fig.  123. — Richards,  Loiuluu  Kelley’s  baud-saw — side  view. 


against  by  a neat  and  handy  adjusting-device.  This  design  has  evident } 
found  favor  abroad,  for  one  of  the  best  known  English  lirms  has  copiet^ 
it,  and  afac-simile  was  shown  in  the  British  section,  as  already  stated. 


A MAMMOTH  BAND-SAW.— A bjuid-fiuw,  lifty-tive  feet  loug,  sawiug  plauks  troma  piue 
log  three  feet  thick,  at  the  rate  of  sixty  superticial  feet  per  uiiiiuto-probably  the  moa 
extensive  experiment  in  log-cutting  ever  undertaken  and  successfully  carried  out 
the  subject  of  the  illustration  herewith  present-ed..  No  more  forcible  in  stance  o 


INTRODUCTION  OF  THE  BAND-SAW. 


255 


263.  The  introduction  of  the  band-saw  is  one  of  the  latest  and 
most  important  advances  in  the  history  of  machine-tools.  Mr.  Richards 
states  that  within  the  past  ten  years  this  introduction  has  occurred  to 
such  an  extent  that  already  thousands  of  machines  have  been  made 
and  sold  by  the  comparatively  small  number  of  firms  building  them. 


Fig.  129.  -Richards,  L ondon  & Kelley^s  band-saw — front 


view. 


They  were  first  invented  in  1808,  by  a London  mechanic,  William 
^^ewbury,  who  is  said  to  have  made  a very  excellent  machine,  and  one 
embodying  the  greater  proportion  of  the  devices  which  h^ve  made  the 
modern  machine  so  valuable.  They  were  first  introduced  into  the 
market  and  made  commercially  important  by  M.  Perin,  of  Paris,  who 

great  capability  of  the  continuous  saw-blade  can,  we  think,  be  adduced,  nor  its  supe- 

rior efficiency , as  compared  with  the  gate  and  cir  cular  saw,  for  the  purposes  indicated 
e better  demonstrated,  than  by  the  details  below  given,  obtained  directly  from  Mr. 
J.  J.  Vau  Pelt,  in  whose  mills  (at  the  foot  of  Tenth  street.  East  River,  in  this  city)  the 
immense  machine  has,  for  some  time  past,  been  employed. 

The  saw,  which  is  55  feet  long,  to  6 inches  wide,  and  of  16  gauge,  was  made  by  the 
celebrated  firm  of  Perin  & Co.,  of  Paris,  France,  at  a cost  of  one  hundred  dollars.  The 
machinery  was  constructed  from  the  drawings  and  specifications  of  Mr.  Van  Pelt,  by 
Richards,  London  & Kelley,  of  Philadelphia,  Pa.  The  pulleys  are  of  75  inches  in 
diameter,  including  hubs  of  wrought  iron,  and  are  mounted  centrally  on  the  main 
■column  so  as  to  equalize  the  strain  of  the  saw  and  prevent  its  springing,  and  to  econo- 
mize Its  weight.  They  are  covered  with  a lagging  of  pine,  over  which  is  glued  an 
envelope  of  heavy  harness-leather.  The  bearings  for  the  wheel-shafts  are  4 inches  in 
diameter  and  12  inches  long,  and  are  made  of  au  a Hoy  of  six  parts  copper  and  one  of 
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coin  111  eiiccd  exporiincnting  with  tliein  about  the  year  1S50,  and  who 
finally  succeedocl  in  conquering  the  only  seriously  I onnidahle  obstacle  to 
their  complete  success  and  general  introduction — the  difliculty  of  secur- 
ing a perfectly  reliable  weld  in  the  endless  steel  baud  which  formed  the 
saw.  11  is  success  was  first  publicly  acknowledged  in  1867,  when  he 
received  at  the  Paris  Exposition  the  Grand  Cross  of  the  Legion  ot 
• Hon  or. 

264.  M.  Periii  still  holds  the  leading  jdace,  in  the  business  of  making 
these  tools,  in  France ; but  the  Messrs.  1 lougoujou  are  apparently  rival- 
ing him  in  the  making  of  blades.  Nearly  all  band-saw  blades  have 
been,  until  lately,  made  in  Paris.  They  must  be  made  of  a special  qual- 
ity of  steel,  which  has  sufficient  wearing-power  to  do  good  work,  bat 
which,  at  the  same  time,  must  be  capable  of  welding  firmly,  and  of  sus- 
taining subsequently  the  severe  trial  to  wdiich  it  is  subjected,  as  it  is 
alternately  bent  and  straightened  while  doing  its  work.  This  is  a com- 
bination of  qualities  very  difficult  to  secure,  and  one  which  domaiuls 
special  grades  of  metal  as  well  as  a peculiar  treatment,  which  can  only 
be  given  by  a skilled  and  experienced  workman.  Sheffield  manufac- 
turers are  now  taking  up  this  business,  and  it  will  probably  not  be  long 
before  they  will  have  secured  a fair  share  of  the  trade. 

265.  The  other  firms  mentioned  above  as  exhibiting  wood-working 
machinery  presented,  u.sually,  good  illustrations  of  the  class  of  wood- 
working machinery  which  best  suits  the  market  of  the  United  States,  or 
of  any  country  where  wood  is  plentiful,  capital  expensive,  and  the  de- 
mand for  cheap  and  effective  machinery  very  great. 

The  bad  taste  shown  in  painting  some  of  these  machines  probably 

till.  The  tenuioii  is  from  one  to  four  tons,  and  necessarily  calls  for  the  greatest  rigidity 
in  the  framing  to  prevent  the  guides  from  being  thrown  out  of  position  by  the  varying 
tension  of  the  blades. 

The  timber  lies  perfectly  still  upon  the  carriage  and  hanlly  requires  dogging  at 
the  ends.  The  first  cut  is  directed  by  adjusting  the  log  os  the  saw  progressoa,  after 
which  the  slab  face  is  carried  past  permanent  gauges,  very  much  on  the  principle  of 
common  hand-olitting.  The  operation  brings  into  play  several  ingenious  devices  for 
supporting,  setting,  and  guiding  the  log,  inventions  of  Mr.  Van  Pelt,  to  which,  how- 
ever, no  special  reference  is  here  necessary. 

The  kerf  of  the  band-saw  is  i of  an  inch,  or  less  than  one-half  that  of  a circular  • 
saw.  Its  speed  is  4,.'i00  feet  per  minute.  We  are  informed  that  It  cuts  pine  timber  at 
the  rate  of  sixty  feet,  and  oak  aud  yellow  pine  at  thirty  feet  a minute,  the  logs  being 
from  one  inch  to  five  feet  in  thicknesa. 

By  far  the  most  important  advantage  n^mains  yet  to  ho  noticed.  It  is  that  tUosaw 
will  follow  the  curvature  of  long  timber,  such  os  is  used  in  ship-building  and  is  cut 
with  the  grain.  This  not  only  causes  no  Inconsiderable  saving  of  material,  but  en- 
hances the  value  of  the  work  accomplished  to  such  an  extent  that  it  is  staled  that 
deck-planks  thus  sawn  are  worth  fully  ten  per  ctJiit.  more  than  when  cut  by  a ciren- 
lar  hlmle.  Another  and  more  striking  idea  of  its  capability  may  be  gathered  from  the 
fact  that  a hoard  ^ of  an  inch  thick  has  boon  taken,  without  the  slightest  variatlou, 
from  the  whole  length  of  a log  50  feet  long  and  20  inches  through.  In  theestablUh- 
nieiit  above  referred  to,  we  learn  that  from  eight  to  ten  blades  are  yearly  expended, 
and  that  the  cost  of  running  is  ahont  the  same  as  that  of  the  ordinary  forms  of  saws  id 
common  use. — American. 
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had  some  inflaeuce  in  awakening  prejudice  and  creating  adverse 
criticism ; but  it  is  more  probable  tliac  the  principal  cause  of  the  un- 
favorable verdict  which  mauy  visitors  undoubtedly  rendered  against 
some  of  them,  after  comparison  with  the  more  substantial  and  more 
expensively  gotten  up  machines  in  the  British  section,  was  the  impossi- 
bility of  appreciating  the  circumstances  under  which  they  were  intended 
to  be  used.  For  the  market  for  which  they  were  built,  they  are  far  bet- 
ter than  the  heavier,  more  highly-tinished,  and  much  more  expensive 
foreign  machinery. 

266.  Hall’s  dovetailing-machine  belongs  to  the  same  class  with 
the  collection  shown  by  Mr.  Whitney — a special  application  embodying 
the  evidences  of  “ Yankee  ingenuity.” 


Fig.  130. — Hall’s  vise. 


A set  of  revolving  drills  and  cutters,  with  a single  movement  ot  the 
rest  carrying  the  piece  to  be  “ dovetailed,”  do  the  whole  work,  and  the 
dovetailed  pieces  tit  into  each  other  with  an  accuracy  only  attained  in 
such  work  by  automatic  machinery. 

A bench-vise  for  metal-workers  was  also  exhibited  by  Mr.  Hall,  which, 

' by  a peculiar  and  ingenious  arrangement  of  simple  mechanism,  was 
^ made  to  grasp  or  loosen  the  work  with  a single  movement  of  the  hand. 

Fig.  130  shows  the  appearance  of  this  vise  as  mounted  on  the  bench  and 
^ about  to  be  used  by  the  workman;  Fig.  131  represents  the  vise  with  a 
I piece  of  metal  clamped  between  its  jaws;  and  Fig.  132  represents  a 
- longitudinal  section,  and  exhibits  its  interior  mechanism. 

> P P is  the  plate  by  which  the  whole  is  secured  to  the  bench ; A and 
^ B are  the  jaws,  the  first  movable  by  sliding  inward  and  outward,  and 
the  second  secured  by  the  collar  B B N.  With  the  handle  in  position 
^ as  shown,  the  jaws  may  be  approximated  or  separated  without  obstruc- 
^ tion,  and  to  any  desired  extent.  When  the  piece  is  placed  between  the 
p 17  MA 
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jaws,  as  ill  Fig.  131,  the  Jaws  are  bronjjflit  snugly  together  to  hold  the 
piece,  and  the  handle  is  then  depressed,  and  the  one  motion  causes  the 
jaws  to  grasp  the  i>iece  more  hr'Inly  and  to  take  positions  from  which 
no  force  or  blow  can  dislodge  them.  The  damping-mechanism  is  the 
knee-ioint  K E G,  which  receives  a support  by  the  depression  of  the 


Fig.  131.— Ilalfs  vise. 


serrated  piece  G into  contact  with  the  serrations  in  IT  on  the  base.  On 
dropping  the  handle,  the  lever  J is  elevated  at  Iv,  permitting  G to  fall 
into  action,  and  the  same  motion  draws  the  bar  I)  D outward,  forcing 
E downward  by  the  action  of  the  wedge  at  that  end.  The  spring  Lacts 


with  the  parts  already  described  in  restoring  the  parts  to  their  ’ 

as  seen  in  Fig.  132,  when  the  handle  is  raised  to  loosen  the  vise, 
vise  turns  freely  to  any  angle  on  the  bench  when  the  handle  is  iip» 
when  anything  is  griped,  the  vise  cannot  turn  on  the  swi\el. 
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In  Hallos  vise  the  farther  the  handle  is  depressed  the  greater  the  power. 
By  drawing  the  wedge  D more  and  more  directly  across  the  center  C, 
and  at  the  same  time  the  gradual  straightening  of  the  toggle  E F,  the 
power  to  grip  is  increased  much  faster  than  the  friction.  The  handle 
can  be  adjusted  to  operate  as  easily  or  hold  as  firmly  as  desired  by 
screws  S.  The  swiv^el  can,  be  tightened  more  or  less  by  wedge  W to 
suit  any  work.  It  can  readily  be  placed  on  any  bench  without  putting  a 
bolt  through,  and  can  be  used  over  drawers.  Chips,  filings,  or  dirt  can- 
not get  into  it.  Wear  does  not  cause  lost  motion  or  injure  the  vise. 

It  is  built  of  the  best  material,  by  machinery  which  produces  numbers 
to  gauge  alike. 

267.  Messrs.  J.  A.  Fay  & Co.,  of  Cincinnati,  Ohio,  exhibited  some 
plain,  serviceable,  and  comparatively  inexpensive  tools,  such  as  are  well 
adapted  to  the  western  market.  The  illustrations  exhibit  the  form  of 
these  tools.  Their  band-saw  attracted  the  attention  of  many 'visitors, 
particularly  from  the  wooded  districts  of  the  Austro-Hungarian  Empire, 
where  the  conditions  of  the  market  more  closely  resemble  those  of  our 
Western  States  than  i^robably  in  any  other  portion  of  Europe. 

Band  saw. — This  machine  (Fig.  133)  represented  the  medium-sized 
band-saw  of  J.  A.  Fa^"  & Co.,  Cincinnati,  Ohio,  and  is  constructed  for 
the  more  general  purpose  of  scroll-band-sawiug,  being  equally  applica- 
ble to  light  or  heavy  sawing.  The  several  novelties  applied  to  the  work- 
ing  parts  of  this  machine  are  worthy  of  a description.  The  column  is 
constructed  of  cast  iron  of  a cored  box-section,  flanged,  with  the  sup- 
ports for  the  lower  wheel  and  table  webbed  and  flanged,  all  cast  in  one 
piece. 

The  lower  wheel  is  33  inches  in  diameter,  of  cast  iron,  and  fastened  to 
its  shaft  by  a nut.  This  shaft  has  with  its  bearings  both  lateral  and 
vertical  adjustments,  and  upon  it  the  tight  and  loose  pulleys  are 
placed. 

The  upper  wheel  is  a combination  of  cast  iron  and  steel,  made  very 
light,  to  reduce  inertia  and  relieve  the  saw  from  the  sudden  strain  in 
starting  and  stopping.  The  shaft  of  the  upper  wheel  revolves  in  bear- 
ings which  are  adjustable  for  the  guidance  of  the  saw  to  its  correct  line 
on  the  faces  of  the  wheels.  The  bearings  of  the  upper  wheel  have  also 
a vertical  adjustment  for  different  lengths  of  saws,  and  their  support  is 
flexible  in  its  gibbed  sides  for  variations  in  the  expansion  or  strain  upon 
the  saw.  This  flexibility  is  maintained  by  the  weighted  lever  acting 
upon  the  screw  which  raises  and  lowers  the  bearings  of  the  upper 
wheel.  The  guides  for  the  saws,  one  above  and  one  below  the  table,  are 
arranged  to  accommodate  different  thicknesses  and  widths  of  saws,  and 
have  behind  the  saw  a steel  wheel  which  relieves  the  back  of  the  saw 
from  all  sliding  friction.  There  is  a combined  shipper  and  brake,  which 
act  simultaneously,  the  brake  being  applied  when  the  power  is  thrown 
off.  The  vertical  bar  which  carries  the  upper  guide  is  governed  and  re- 


260 


VIENNA  INTERNATIONAL  EXIIiniTION,  1873 


» 


L 


261 


FAY  A CO.’s  WOOD-WORKING  TOOLS. 

tained  in  its  position  by  a retracting  spring,  by  which  it  is  counterbal- 
anced. The  table  is  adjusted  to  an  angle  of  thirty  degrees,  and  is  ad- 
justed to  return  to  a right  angle  with  the  saw. 

No.  2.  COMPOUND  BED-MORTISING  MACHINE.— This  machine  (Fig.  134) 
is  adapted  for  work  ranging  from  the  lightest  to  a medium  heavy  class 
of  mortising,  and  in  its  arrangement  is  equally  applicable  to  all.  The 
column  has  a heavy-plate  front,  with  deep  sides,  well  braced,  and  open 
at  the  back  for  convenient  access  to  the  reversing-gearing. 

The  driving-shaft  is  at  the  top  of  the  column,  and  has  upon  it  the  pul- 
leys and  crank-wheel  from  which  the  chisel-stock  receives  its  vertical 
reciprocating  motion. 

The  bedis  moved  laterally  under  the  chisel  by  a rack  and  pinion,  with 
a hand-wheel  for  diftereut  lengths  of  mortises,  and  it  can  be  set  to  mortise 
at  any  angle.  The  support  of  the  compound  bed  is  gibbed  to  the  col- 
umn, and  can  be  raised  and  lowered  by  a screw  actuated  by  a crank  and 
bevel-gearing. 

The  treadle  can  be  graduated  'to  give  greater  or  less  lift  to  the  bed  by 
means  of  a segmental  ratchet,  into  which  a spring-pawl  operates,  giving 
the  treadle  a greater  or  less  arc  to  move  in,  as  the  pawl  may  be  adjusted, 
and  this  also  changes  the  depth  of  the  mortises. 

An  economic  feature  of  this  machine  is  the  positive  automatic  re- 
verser  for  the  chisel.  This  is  operated  by  a pawl,  which  is  attached  to 
a bar  connected  with  the  bed-support  and  treadle.  The  weight  of  the 
bed  as  it  drops  from  its  highest  point  is  utilized  in  the  last  part  of  its 
fall  by  the  pawl  falling  into  a step,  which  revolves  a series  of  seg- 
mental gearing,  and  in  the  alternate  raising  and  dropping  of  the  bed 
the  chisel  presents  a reversed  position  toward  either  end  of  the  bed. 
The  chisel  is  held  rigidly  in  its  position,  when  reversed,  by  a detent 
which  comes  in  contact  with  the  connecting-bar  as  the  bed  is  raised  to 
the  chisel. 

Builders’  and  sash  and  door  makers’  tenoning-machine.  — This 
machine  (Fig.  135)  is  for  tenoning  doors  and  sash  or  cabinet-work,  be- 
ing adaptable  to  these  or  any  similar  classes  of  tenoning. 

There  are  four  cutter-heads  on  this  machine,  two  for  cutting  down 
the  tenons  and  two  termed  cope  heads,  which  are  for  shaping  the  shoul- 
ders of  the  tenon  for  molded  or  bev’^eled  edges.  All  the  working  parts 
are  driven  from  one  shaft.  The  main  heads  are  driven  by  one  belt, 
which  is  kept  under  proper  tension  by  an  idler-tightener,  governed  in  its 
vertical  movement  by  a balance-weight  acting  over  a sheave-wheel,  the 
whole  being  self-adjusting. 

The  main  heads  are  adjustable  separately,  their  supports  being  gibbed 
to  a vertical  stand  placed  at  the  end  of  the  main  frame 'of  the  machine. 
The  lower  head-support  is  attached  to  the  upper  support  by  a screw, 
by  which  the  thickness  ot  the  tenon  is  gauged.  The  upper  head-support 
is  regulated  in  its  height  by  a screw  in  the  top  of  the  vertical  frame, 
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which  also  raises  both  heads  siinultaneoiisly  and  gauges  the  depth  ot 
the  tenon.  The  upper  head-shaft  has  an  end  adjustment  for  making  the 
shoulder  longer  or  shorter. 


Fio.  136. — Universal  horizontal  boring- machine. 


The  cope-heads  are  moved  with  the  main  heads  by  the  same  arrange- 
ment, being  fastened  to  the  same  supports  and  with  separate  adjust- 
ments on  their  own  frames.  The  coi>e-heads  are  driven  from  a separate 
shaft  at  the  btick  of  the  machine,  which  can  be  disconnected  at  will,  and 
either  pair  of  heads  run  separately. 

The  table  remains  upon  the  same  horizontal  plane,  and  is  movable 
past  the  cutter-heads  on  planed  ways.  The  table  has  stops  to  gauge 
the  lengths  and  a lever  for  retaining  the  material  in  its  position.  It  is 
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arrauged  for  tenoning  at  an  angle,  and  in  all  its  parts  its  adaptability  is 
Evident. 

Universal  horizontal  boring  machine. — This  boring-machine, 
{Fig.  136)  is  one  of  a class  most  generally  in  use.  The  boring-spindle 
travels  in  a fixed  horizontal  line,  the  material  being  adjusted  upon  the 
table  to  the  desired  position  or  angle.  The  power  is  conveyed  to  the 
boring-spindle  through  the  cone-pulleys,  and  the  speeds  arranged  by  the 
position  of  the  belt  upon  them.  The  augers  are  held  in  the  boring- 
spindle  either  by  a universal  chuck  or  held  in  the  socket  by  a set- 
screw. 

The  auger  is  advanced  to  the  work  by  depressing  the  treadle,  and  ^ 
recedes  by  the  action  of  a weighted  lever  attached  to  the  treadle,  which 
returns  it  to  its  proper  position. 

The  table  is  raised  and  lowered  by  means  of  a screw,  and  is  adjust- 
able to  any  angle  up  to  45°,  and  held  to  its  position  by  a hand-wheel 
screw.  The  fence  upon  the  table  is  also  adjustable  to  any  angle  or  posi- 
tion upon  its  face  by  the  bolts,  which  move  in  slotted  grooves. 

The  column  of  this  machine  is  of  webbed  flanged  section  and  substan- 
tial design,  and  the  general  construction  and  finish  of  the  machine  shows 
it  to  be  one  of  great  power  and  usefulness. 

268.  British  wood- working  tools  were,  as  has  already  been  re- 
marked, distinguished,  like  their  other  machinery,  by  their  strength  and 
solidity.  They  were  given  plenty  of  metal,  strong  frames,  excellent  forms, 
and  the  best  of  workmanship.  They  precisely  meet  the  demands  of  the 
British  market,  as  the  tools  found  in  the  markets  of  the  United  States 
meet  the  demands  for  which  Ihev  were  created.  The  abundance  of 
capital  in  Great  Britain,  the  comparatively  great  amount  of  labor  put 
upon  their  more  expensive  timber,  and  the  general  inclination,  every- 
where observed,  to  make  work  substantial  and  durable,  which  is  a con 
sequence  of  this  condition  of  the  British  market,  cause  the  practice  by 
builders  of  machinery  to  differ  in  a marked  degree  from  that  of  our  own 
tool-makers,  who  are  compelled  to  deal  with  purchasers  to  whom  money 
is  worth  from  7 to  10  per  cent.,  and  who  work  timber  which  is  supplied 
plentifully  and  at  a low  price. 

269.  Messrs.  T.  Kobinson  & Oo.,  of  Rochdale,  England,  had  a very 
extensive  and  very  interesting  collection  of  tools,  which  were  excellent 
illustrations  of  the  finest  British  practice. 

Among  these  tools  was  one  of  the  Armstrong  dovetailing-machines, 
an  invention  which  has,  with  justice,  been  considered  one  of  the  most 
valuable  of  those  which  British  makers  have  imported  from  America, 
This  tool  consists  of  two  circular  saws  carried  on  arbors  so  inclined  that 
the  two  saws  are  nearly  in  contact  at  their  lower  sides,  and  are  sepa- 
rated by  some  distance  at  the  top.  On  the  edge  each  disk  carries  its 
peculiarly-shaped  saw,  which  cuts  radially  during  a part  of  its  revolution, 
and  then,  turning  at  right  angles  to  the  disk  of  the  saw,  the  teeth  cut 
in  a line  parallel  to  the  axis.  Thus  they  enter  the  wood,  cutting  the 
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Saw-sharpeoing  machine. 


Fig.  139. — Side  elevation. 


Fig.  141. 
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flanks  of  the  dovetail,  and  then,  at  the  proper  instant,  the  turned  edge 
traverses  the  bottom  of  the  opening.  Tlie  saw-teeth  are  made  on  strips 
which  are  separate,  and  which  are  secured  in  place  by  screws  on  the 
disks. 

A table  carries  the  wood  to  bo  cut,  and  it  is  set  to  a gauge  and  fed 
across  the  saws’ by  an  automatic  feed. 

The  machine  is  adjustable  for  any  required  number  of  dovetails,  and 
by  a reversal  of  the  cutting-teeth  it  is  fitted  equally  well  to  cut  the  pins. 

This  tool  was  beautifully  made,  and  did  magniflcent  work. 

This  firm  exhibited  one  of  the  “general  joiners”  which  have  already 
been  referred  to,  and  one  of  the  best  exhibited  examples.  It  contained 
a circular-saw,  a band  saw,  a molding  and  a tenoning  machine,  a bor- 
ing and  a mortising  machine.  Each  tool  is  well  fitted  up,  and  can  be 
driven  independently.  The  latter  is  a decidedly  better  arrangement 
than  that  of  some  other  exhibitors,  who  can  oidy  run  one  tool  by  start- 
ing uj)  all,  absorbing  an  ex(u\ss  of  power,  ami  causing  a waste  by  wear 
and  tear.  On  the  mohling-macliine  we  noticed  a device  which  seemed 
familiar;  it  was  the  method  of  adjustment  adopted  by  Rogers,  and  the 
band-saw'  was,  in  some  respects,  similar  to  that  of  the  American  firm. 
Fay  & Co.,  exhibited  in  the  United  States  section;  and  our  attention 
was  called  to  the  same  device  used  by  both  for  backing  up  the  blade— 
a loose  steel  disk,  which  may  continually  change  the  line  of  bearing. 

The  independent  mortising-machine  was  another  well-made  and  excel- 
lent tool.  The  chisel  works  squarely  and  strongly,  but  the  reversing 
mechanism  is  not  as  well  arranged  a device  as  some  of  the  others.  The 
frame  and  table  are  well  put  together,  and  all  parts  are  nicely  propor- 
tioned. The  machine  did  good  work.  The  molding-m(ichines  were 
equally  good  tools,  with  strong  arbors,  well-set  cutters,  heavy  frames, 
and  were  readily  adjustable  for  changing  work. 


Combined  jdaniug,  cluiinfering,  raortUiug,  and  boring  uiacldno. 


Fig.  143.  Fig.  142. 

One  of  the  tools  which  attracted  mo.st  attention  from  mechanics,  and 
which  was  evidently  regarded  by  the  makers  themselves  as  one  of  their 
best  machines,  was  a “semi-portable  log-frame,”  of  which  stylo  there 
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Fig.  144.  Fig.  145. 


Universal  molding,  shaping,  and  recessing  machine. 
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were  several  other  excellent  illuatratioiKs  iu  the  other  exhibits  of  this 
section. 

The  saws  were  carried  in  the  iiainil  vertical  saw-frame,  which  was 
mounted  in  a set  of  cast-iron  vertical  guides,  which  are  rigidly  and 
strongly  secured  to  the  bed  which  carries  the  table.  The  whole  machiiio 
is,  as  the  builders  say,  ‘‘self-contained,”  and  can  bo  carried  about  like 
one  of  the  inore  familiar  portable  steaiu  eugines,  which  are  also  termed 
portable.”  It  recinires  no  foundation,  and  those  exhibited  were  simply 
laid  down  upon  the  tloor  of  the  machinery-hall.  A sot  of  balance, 
weights  is  one  of  the  essential  features  of  the  machine,  and  they  are  so 
well  proportioned  and  set  that  hardly  the  lightest  shake  can  bo  detected 
while  the  machine  is  in  motion.  The  feed-motion  is  strong  and  adjust, 
able  to  all  the  work  of  the  machine,  which  is  intended  for  cutting  both 
logs  and  boards  up  to  widths  of  thirty  inches.  This  saw-frame  was  of 

wrought  iron  and  well  put  together. 

A band-saw  and  a fret-saw  exhibited  in  this  collection  were  plain 
tools,  well  made,  but  not  as  good  illustrations  of  the  best  work  of  the 
hrm  as  the  other  tools. 

279.  Messrs.  ItANSOME  & Co.  exhibited  some  of  the  ftnest  tools  iu  this 
section,  and  among  them  was  prominent  the  band-saw,  similar  to  that 
built  in  the  United  States  by  Messrs.  Uichards,  London  & Kelley, and 
other  tools  of  designs  resembling  those  familiar  to  our  manufacturers 
The  band-saw’ , being  a duplicate  of  that  in  the  United  States  section^ 
requires  no’ description  here.  The  same  iiacking-.boxes  for  holding  the 
blade  in  line,  the  same  steel  backing,  with  the  tallow-reservoir,  and  the 
same  proportions  are  seen  in  both. 

In  securing  elliciency  in  the  band-saw,  and  combining  rapidity  and  ac. 
curacy  of  operation  with  small  expenditure  of  power,  the  follo^ying 
requisites  are  aime<l  at  by  Messrs.  Kansome  Co.,  and  are  attained 

successfully : 

A strong,  heavy  frame;  a minimum  diameter  of  wheel  of  30  inches 
for  small  saws,  42  inches  for  saws  of  2 or  3 Inches  width  ot  blade,  and 
QfC  feet  aud  upward  for  saws  of  0 inches  width;  wheels  turned  inside 
and  out  to  secure  a perfect  balance ; pull  ey -covers  of  well- fitted  leather, 
and  an  arrangement  for  adjusting  the  positio  n ot  the  saw-blade  on  the 
pulley-wheel ; adjustable  guides  to  support  the  saw  at  the  sides  and  to 
back  it  behind;  an  arrangement  by  which  these  guides  may  be  fitted  to 
saw-blades  of  vmrious  sizes;  capacity  of  adjustment  for  saws  of  ViUious 
lengths  by  raising  or  depressing  the  top  pulley  ; a method  of  keeping  a 
Constant  strain  upon  the  blaile,  as  its  length  is  altered  by  chau^ng 
temperature,  using  a spring  or  a weight ; saws  of  uniform  dimensions 
in  cross-section,  size  and  shape  of  tooth,  and  of  uiiitorrn  temper. 

The  hollow  standards,  the  peculiarl}*  roomy  table,  and  the  metho  s 
of  adjustment  already  referred  to  when  considering  the  same  form  o 
machine  as  exhibited  hy  Richards,  London  & Kelley,  of  Philadelphia, 
are  admirably  adapted  to  securing  these  desiderata. 
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The  plaiQ  machine  (Fig.  137,  page  206)  is  used  for  all  ordinary  sweep- 
cutting. The  machine  (Fig.  138,  same  page)  with  canting  table  is  ex- 
tremely useful  for  sawing  out  pieces  of  varying  bevel.  These  machines 
are  all  supplied  with  Perin’s  blades. 


The  saw-sharpeuing  machine  of  this  firm  is  a neat  and  valuable  tool. 
This  machine  sharpens  saws  by  means  of  a revolving  emery-disk,  and  is 
fast  superseding  the  old  plan  of  sharpening  by  hand  with  files.  It  will 
top,  gullet,  and  bevel  either  frame,  cross-cut,  or  circular  saws,  with  any 
form  of  tooth,  so  as  not  lo  require  touching  with  a file.  The  grinding- 
disk  works  in  a counterbalanced  swinging  carriage,  which  is  brought 
down  by  hand  to  the  saw,  as  required.  This  carriage  can  be  set  at  any 
required  angle,  so  as  to  give  any  amount  of  lead  to  the  tooth,  and  the 
same  disk  can  be  used  for  gulleting,  topping,  or  beveling.  Members  of 
the  International  Jury  were  informed  that  wheels  for  this  machine  had 
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been  made  of  the  new  Ransome  artificial  stone,  with  excellent  results. 
The  engravings  (Figs.  131),  140, 141,  page  207)  show  the  machine  as  set  for 
sharpening  frame-saws,  the  saw  being  held  in  a cast-iron  vise,  which  is 
moved  along  under  the  disk  with  a rack-and-pinion  motion,  worked  by  a 
hand-wheel.  Another  vise,  shown  separately  in  the  wood-cut,  is  provided 
for  circular  saws  of  any  diameter  up  to  G feet.  Both  these  vises  work  on 
a pivot,  so  as  to  give  the  tooth  any  required  bevel.  Fig.  139  is  a side, 
and  Fig.  140  a front  elevation.  Fig.  141  is  an  enlarged  view  of  the  saw. 

The  experience  of  firms  who  have  adopted  these  machines,  as  the 
makers  claim,  shows  the  following  results : 

(1.)  An  enormous  saving  in  labor,  as  a man  at  the  machine  will  do  as 
much  work  as  six  men  sharpening  by  hand. 

(2.)  A saving  eipial  to  the  whole  cost  of  the  saw-files  formerly  used  for 
sharpening  by  hand,  each  disk  costing  only  a few  shillings,  and  lasting 

in  constant  work  for  about  two  months. 

(3.)  An  advantage  in  having  the  saws  always  of  the  same  depth  in  the 
gullet;  for  whenever  a saw  is  sharpened  at  the  nia«hine,  it  is  always 
gulleted  in  the  same  proportion. 

Besides  the  above  ailvantages,  it  is  said  to  be  toiind  in  practice  that 
the  action  of  the  disk  positively  hardens  the  cutting-points  of  the  teeth, 
and  the  saws  last  consideralily  longer  in  consequence  without  being 
sharpened. 

Uaiisome’s  combined  planing,  shaping,  chamfering,  mortising,  and 
boring  machine  is  a beautiful  little  tool,  which  does  good  work  on  either 
straight  or  curved  pieces.  It  is  shown  in  Figs.  142  and  143,  page  2G8,  in 
ehd  view  and  side  elevation. 

It  is  specially  suited  for  planing,  shaping,  chamfering,  and  mortising 
the  framing  of  wagons,  carts,  and  machines  constructed  of  timber, 
and  it  will  work  any  kind  of  timber  with  equal  facility. 

The  cutter-spimlle  runs  in  two  pairs  of  very  long,  self-lubricating  bear- 
ings, and  revolves  below  a light  csist-iron  table,  having  a slot  through 
• which  the  cutters  work.  The  wood  to  be  planed  is  passed  over  the 
table,  and  the  cutters  produce  a very  hue  surface.  The  table  works  on 
a hinge,  and  when  not  required  it  is  turned  over  out  of  the  way,  as 
shown  in  the  wood-cut.  When  set  for  chamfering,  two  circular  angle- 
brackets  are  lixed  over  the  cutters,  and  the  piece  is  laid  between  them 
wnth  the  edge  downward.  The  angle-brackets  can  be  fixed  at  any  dis- 
taiKM)  from  each  other,  and  the  cutters  remove  as  much  of  the  wood  as 
falls  below  the  aperture  between  them.  The  mortising  and  boring 
arrangement  is  similar  in  construction  to  that  of  the  “ general  joiner,’^ 
ami  it  will  make  mortises  or  bore  holes  in  any  kind  ot  timber  with 
great  speed  and  accuracy.  Two  lads  can  work  at  the  machine  at  the 
same  time,  one  mortising  or  boring,  while  the  other  is  planing,  shaping, 
or  chamfering.  A pair  of  collars  are  frequently  attached  to  one  end  of 
the  spindle  to  take  a small  saw  for  ripping,  cross-cutting,  or  grooving, 
in  which  cuvSe  a table  made  of  hard  wood  is  mounted  on  the  mortising- 
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slide,  and  thus  serves  as  a small  saw  beiich  with  a rising  and  falling 
table. 

The  universal  molding,  shaping,  and  recessing  niachiiie  is  adapted 
to  cutting  circular  or  twisted  moldings,  sticking  circular  and  straight 
sash-bars,  molding,  rebating,  and  grooving  straight  or  curved  frames, 
and  many  similar  kinds  of  work. 

The  cutter-spifidle  is  mounted  on  a slide,  as  seen  in  Figs.  144  and 
145,  page  2(59,  and  driven  like  the  cutter  in  a shaping-machine  as  built 
for  metal-working.  The  amount  of  travel  is  readily  ai\justable,  and  the 
tool  is  fed  downward  by  the  usual  feed-device. 

The  pauel-board-planiug  nnichiue  (Fig.  146,  page  271)  is  intended  for 
planing  and  surfacing  thin  boards  and  panels,  and  leaves  the  surface  as 
^smooth  as  if  llnished  by  hand  with  the  smoothing-plane.  It  takes 
boards  two  feet  wide  and  up  to  two  inches  thick.  It  is  applied  to  rail- 
road-car work,  door-paneling,  and  to  smoothing  up  small  work  of  all 
kinds. 

The  cutters  are  screwed  to  a long  wrought-iron  adze-block,  having  a 
spindle  of  Tiiild-centered  cast-steel  running  in  self-lubricating  bearings 
specially  constructed  for  high  speeds.  Tlie  boards  are  fed  through  the 
machine  by  two  pairs  of  rollers,  all  of  which  are  driven,  and  being  per- 
fectly smooth,  they  do  not  mark  the  surface  of  the  wood.  This  allows 
boards,  after  being  planed  on  one  side,  to  be  turned  over  and  again 
pas.sed  through  to  plane  tlie  other  side,  without  sustaining  the  slightest 
damage  from  the  rollers. 

The  pressure-apparatus  is  so  arranged  as  to  hold  the  board  firmly 
close  to  either  side  of  the  block,  thus  preventing  any  vibration  in  it 
while  under  the  action  ofdhe  cutters. 

The  rate  of  feed  can  be  varied  instantaneously  while  the  board  is 
passing  through  the  machine  by  the  two  diagonal  levers  shown  in  the 
engraving,  which  also  stop  and  start  the  feed,  and  the  table  can  be 
readily  adjusted  to  suit  for  boards  of  difl’erent  thicknesses  by  turning 
the  hand-wheel  which  is  shown  in  front  of  the  machine.  The  rates  of 


feed  range  from  15  to  30  feet  a minute. 

The  planing  and  trying-up  machine  (Fig.  147,  preceding)  is  intended  for 
truing-iip  carpenters’  and  joiners’  ‘‘stufif,”  and  to  produce  a v^ery  smooth, 
finished  surface.  The  cuiters  are  carried  by  a wrought-iron  “adze-block,” 
driven  at  high-speed. 

The  spindle  is  of  steel,  and  runs  in  long  bronze  bearings.  The  spindle 
is  hard  on  the  exterior,  but  inside  is  of  a soft  temper,  thus,  as  the  makeis 
claim,  combining  stiffness  with  toughnes.s,  and  giving  an  excellent  bear- 
ing-surface. 

The  “brasses”  are  very  twicurately  made  and  fitted.  The  bottom 
brasses  are  slotted  on  the  lower  side,  and  a piece  of  felt  is  inserted 
in  this  slot,  and  extends  downward  into  a large  oil-chamber.  Oil- 
groov'es  lead  the  oil  back  from  the  bearing  into  this  chamber,  and  a free- 
flowing  and  uninterrupted  lubrication  is  obtained,  which  is  the  more 
rapid  as  the  speed  increases. 
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Fig.  150. — Combined  planing  and  moulding  machine,  (large  size.) 
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Both  fml  rollers  jire  driven,  iind  the  rate  of  forward  feed  may  be 
varied  from  10  to  30  feet  per  minute;  the  return-motion  is  about  40  feet 
per  minute.  The  feed  may  be  adjusted  at  any  moment,  and  while  the 
machine  is  in  motion,  by  shiftitif,^  the  dia^^onal  levers  seen  at  the  side 
of  the  tool  on  the  ui)!*!*;!!!.  These  levers  also  stop,  start,  and  reverse. 

Messrs.  Kansome  & Co.  exhibited  a good  bs  pe  of  complete  joiner,’^ 
(Figs.  148,  149,  page  273)  which  is,  however,  peculiar  to  themselves.  It 
contains  a well-set  circular  saw,  strongly  driven  at  1,800  revolutions 


per  minute,  and  litted  with  a fence,  which  is  so  attached  that  it  can  be 
readily  set  aside  when  the  saw  is  used  for  cross-cutting  and  the  whole 
table-top  is  reqtiired  clear.  The  molding-machine  is  well  put  together. 
It  can  trim  all  four  sides  of  the  piece  at  once,  and  the  tools  and  feed  are 
well  driven,  enabling  heavy  cuts  to  bo  taken.  It  takes  in  timber  7 inches 
by  4.  The  cutters  make  4, .100  revolutions  per  minute.  The  teiiouiug- 
machine  is  equally  well  arranged,  ami  the  whole  makes  a strong,  handy, 
and  enicient  machine. 

The  .saw-spindle  is  entirely  distinct  from  those  which  carry  the  plan- 
ing and  molding  cutters,  and  hence  the  operations  of  sawing  and  planing 
or  molding  can  bo  carried  Mm  simultaneously  or  separately,  as  at  two 
distinct  machines.  The  saw-table  rises  and  falls  for  grooving,  rabbeting, 
&c.,  and  is  litted  with  an  improved  fence,  which  can  bo  set  at  any  re- 
quired angle,  and  is  hinged  so  that  it  can  be  turned  over  at  the  end  of 
the  table  when  it  is  reipiired  to  use  the  saw  for  crq.ss-cutting.  The 
planing  and  molding  ai>paratus  is  |)ermanent,  and  is  thus  always  ready 
for  work.  The  top  and  bottom  cutter-block  spindles  are  supported  in 
bearings  on  each  side,  which  insures  great  steadiness,  and  enables  the 
machine  to  turn  out  very  clean  work.  The  wootl  being  planed  or  molded, 
is  fed  tlirongh  by  a pair  of  revolving  fee<l-roller8,  both  of  wliich  are 
driven,  by  whicli  means  a greatly-increased  propelling-power  is  obtained, 
The  top  feed-roller  rises  and  falls  to  suit  the  irregnlarities  in  a rough 
board,  ami  at  the  same  time  it  always  exerts  its  fall  fetnling-power. 
The  rate  of  feed  can  be  varied  acconling  to  the  nature  of  the  wood 
being  operated  on.  Tenons  are  formed  by  cutters,  which  tinish  them 
much  more  accurately  than  is  the  case  where  .saws  are  employcMl  for 
this  purpose.  Double  tenons  are  cut  and  the  shoulders  siTibod,  at  one 
operation,  by  a drunken”  saw  and  cutter-disk  attached  to  one  of  the 
upright  cntter-8i)indles,  as  shown  in  the  wood-cnt.  Tenons  can  be  formed 
with  shoulders  of  uiieipial  lengths  by  simply  sliiltiiig  the  position  of  one 
of  the  teuoning-blocks  on  its  spimlle. 

All  of  the  cutter-spimlles  are  of  the  best  mild-centered  cast-steel,  ami 
the  bearings  are  specially  constructed  to  stand  high  speeds,  being  fitted 


with  a self-lubricating  arrangement. 

The  planing  and  molding  machines  of  this  tirin  (Fig.  page  275) 
are  among  the  best,  if  not  the  very  best,  in  the  Exhibition.  The  two 
exhibited  were  capable,  respectively,  of  taking  timber  12  by  4 iucln?^ 
and  7 by  3 iucbes  in  section.  The  builders  state  that  they  make  three 
other  sizes,  varying  from  Id  by  G inches  down  to  4 by  2 inches. 
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The  feed-table  carries  a guide  for  the  timber;  the  pressure-bars  are 
weighted,  except  a bridge  pressure-bar,  which  is  set  dowu  by  screws. 
Where  the  table  exteuds  beyoud  the  lower  cutter,  it  may  be  let  down, 
turning  on  a hinge,  and  thus  ready  access  obtained  to  the  knives.  There 
are  four  feed-rollers— one  fluted,  the  remainder  smooth— all  driven  from 
a pulley  fitted  for  four  speeds.  There  are  top,  bottom,  and  side  cutters, 
which  may  be  worked  simultaneously  on  all  four  sides  of  the  piece. 
These  cutters  are  all  readily  accessible.  The  rate  of  feed  may  be  varied 
from  12  to  35  feet  per  minute. 

The  teuoniug-machine  is  oue  of  the  best  of  this  fine  collection  of  ex- 
hibits. It  is  simple  in  construction,  the  cutters  well  balanced,  and 
driven  strongly  and  at  high  speed.  The  feed-table  is  light,  but  quite 
substantial,  and  is  carried  on  friction-wheels  between  guides.  The  ten- 
ons can  be  cut  without  laying  them  out  by  measure,  after  proper  adjust- 
ment. 

The  distance  between  the  upper  and  lower  cutters  is  adjustable  by 
two  hand- wheels,  oue  of  which  raises  both,  and  the  other  of  which 
alters  their  distance  apart. 

In  all  of  these  machines  in  which  the  cutters  are  driven  at  high  speed 
the  practice  of  Messrs.  Ransome  & Co.  seems  somewhat  in  advance  of 
their  competitors,  and,  in  speed,  of  cutters,  they  are  fully  up  to  the  most 
radical  among  our  own  makers.  They  in  some  cases  drive  their  cutters 
at  5,500,  and  even  6,000  revolutions  per  minute. 


Fig.  151. — Sbute’s  luitering-machiue. 


In  adopting  these  speeds  they  have  evidently  been  made  familiar  with 
the  ordinary  difficulties  of  balancing,  of  eftective  lubrication,  and  of 
attaining  absolute  security  of  connection  of  ^all  parts.  They  have  suc- 
ceeded remarkably  well  in  securing  smooth  motion ‘of  tool  and  feed, 
large,  well-adjusted  bearing,  and  great  stiffness  of  framing.  Low  steel 
is  used  for  centers.  It  was  not  stated  whether  they  were,  as  they  should 
have  been,  ground  to  shape.  The  firmness  with  which  the  work  is 
held  in  these  machines  is  an  essential  and  well-maintained  feature. 
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The  mitering-miichiiie  (Fig.  h'il)  in  <)i’  the  form  known  as  Shiite’s.  It 
is  neat  in  design,  compiiet,  well  arranged,  works  excellently,  and  is,  as 
the  writer  ia  informed  by  engineers  familiar  with  Mie  Hritiah  market,  in 
extensive  use.  The  makers  state  that  they  have  soUl  one  thousand  of 
them.  This  is  one  of  the  tools  which  one  of  the  German  builders  has 
copied  as  exactly  as  others  have  duplicated  several  American  tools. 


Fio.  15*2.— iimcliiiit'. 


An  excellent  hand-mortising  machine  (Fig.  lo2)  is  another  of  the  neat 
tools  here  shown,  Its*  table  is  capabh^  of  moving  in  any  direction,  and 
has  its  bearing  precisely  below  the  chis^d,  thus  obtaining  a (Irrauess  of 
support  which  could  not  otherwise  be  attained.  The  chisel  has  a 
reversing  motion,  and  its  supporting-bar  is  counter-weighted.  It  did 
good  work. 

A larger  machine,  (Figs.  153,  151,)  driven  by  power,  was  exhibited, 
which  is  one  of  the  tinest  tools  of  the  kind  seen  at  Vienna,  and  is,  in 
general  form,  that  of  Uichanls,  London  &^Kelley,  of  Philadelphia. 

The  chisel  is  fixed  in  a sliding  bar,  driven  by  a crank-wheel  below  by 
means  of  a strong  connecting-rod.  It  has  a hollow  b;w*-k  and  wings, 
which  clear  the  hole  perfectly.  It  is  reversed  by  a cord  carried  on  a 
pulley  mounted  on  the  spindle,  much  as  a planer  feed-wheel  is  arranged, 
this  cord  being  driven  by  a pulley  on  the  driving-shafk  Check-studs 
limit  the  range  of  rotation,  and  its  operation  ia  exceedingly  lieautiful. 

The  table  has  motions  in  all  directions,  and  the  work  is  adjusted  by 
its  motions.  The  chisel  makes  (>()0  blows  per  minute. 

Kansome  & Co.’s  portable  log- frame  (Fig.  1.^5)  is  a strong  and  well- 
designed  saw-frame.  Fifteen  saws  are  earrieil  as  a maximum,  and  they 
can  be  set  so  as  to  cut  up  logs  14  inches  in  diameter.  The  trame  is  we 
balanced,  and  runs  very  sniootUly.  It  is  driven  by  two  rods,  one  on 
each  side  the  machine. 
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A silent  teed  is  used  here,  as  in  sevei'al  other  similar  tools  exhibited 
by  other  makers.  It  is  driven  by  a pin  on  a sector  fitted  to  a main 
driving-crank. 

The  driving-gears  of  the  feed  are  out  of  tlie  way  within  the  main 
frame.  The  rollers  are  weighted  heavily,  yet  with  con veniently-adjustable 
weights.  The  rate  of  feed  is  variable  between  1 and  3 feet  per  minute. 

The  self-acting  circular-saw  bench  (Fig.  156,  page  281)  is  made  with 
tables  of  from  to  7 J feet  length,  and  from  23  to  3J  feet  width,  requiring 
from  6 to  10  horse-power  to  drive  them.  The  saws  make  from  800  to  1,000 
revolutions  per  minute. 

The  feed-motion  is  driven  by  the  saw-spindle,  and  is  variable  between 
15  and  60  feet  per  minute.  The  feed-line  is  coiled  on  a drum,  seen  under 
the  table,  and,  with  all  its  gearing,  is  boxed  in  and  preserved  from 
injury  by  dust  and  dirt.  The  fence  may  be  set  at  any  angle,  and  may 
be  nicely  adjusted  by  a screw.  It  is  taken  off  when  not  needed.  The 
saw-spindle  is  of  steel,  running  in  three  long  bronze  bearings. 

The  little  molding-iron  grinder  (Figs.  157, 158)  is  intended  to  grind 


Fio.  If)?. 


Fig.  158. 


* Mokling-iroti  grinder. 

molding-irons  of  any  pattern,  without  drawing  their  temper,  and  sub- 
sequently rehardeuing  them.  The  spindle  carries  seven  small  grind- 
stones of  different  thicknesses,  These  are  turned  up  to  fit  the  shape  of 
the  irons.  Water  is  supplied  through  brass  cocks,  one  ot  which  is 
placed  over  each  stone. 

On  the  panel-planing  machine  was  an  attachment  which  is  deserving 
of  especial  mention.  A suction-pan  was  applied  to  the  conduit  which 
conveyed  the  chips  and  dust  from  the  machine,  and  the  strong  draught 
which  it  created  drew  in  a current  from  all  sides  which  effectually  pre- 
vented any  escape  of  such  usually  annoying  particles.  The  workmen 
were  thus  enabled  to  do  their  work  witli  accuracy  and  comfort,  the  dust 
was  conveyed  entirely  away  from  the  tool,  and  expelled  where  it  could 
do  no  harm  and  cause  no  annoyance,  and  the  sanitary  benefits  of  its  use 
are,  as  the  exhibitors  claimed,  no  small  inducement  to  its  adoption^ 
This  apparatus,  which  the  makers  call  their  pneumatic  conductor, 
is  shown  in  Figs.  151)  and  160.  It  will  bo  seen  to  bo  very  similar  to  that 
adopted  by  the  Tanite  Emery-Wheel  Company,  of  Stroudsburgh,  PcuDm 

for  their  Xewman  Emery-Wheel  Planer.  . 

271.  Messrs.  WoRSSAM  & Co.,  of  Chelsea,  exhibited  a collectiou  o 
wood-working  machinery  which  was  also  most  excellent  in  design,  ina- 
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terial,  and  workmausbip.  They  were  rarely  ecpialled,  and  in  some  re- 
spects they  were  in  advance  of  their  competitors. 

Their  parquetiug-machines  were  good  illustrations  of  their  specially 
interesting  work.  One  was  a grooving  and  the  other  a surfacing  ma- 
chine. The  latter  was  a face-plate  lathe,  having  a strong,  well-supported 
spindle,  carrying  a face-plate  of  good  size.  The  tool  was  carried  in  a 
slide-rest  which  was  well  supported,  and  the  whole  design  was  as  simple 
as  could  be  desired,  and  as  strong  and  stiff  as  is  necessary  in  such  work. 
The  piece  of  work  to  be  surfaced  is  secured  to  the  face-plate,  and  the 
slide-rest  carries  the  cutter  in  a line  from  the  center  outward,  and  vice 
versa,  with  perfect  accuracy,  leaving  the  surface  well  finished.  In  the 
first-mentioned  machine,  the  block  to  be  grooved  is  mounted  on  the 
table,  with  the  edge  to  be  cut  extending  beyond  the  table,  which  is  then 
driven  along  its  slides  on  the  frame,  and  the  work,  coming  in  contact  with 
the  rotating  cutter,  is,  at  one  motion,  trned  up  and  the  groove  cut.  This 
little  tool  is  also  stiff  and  strong,  neat  and  cheap,  and  does  rapid  work. 

The  portable  logTrame  is  a good  machine  also,  resembling  somewhat 
that  already  described. 

Worssam’s  ‘‘general  joiner”  is  a combination  of  tools  intended  for 
use  V here  such  a tool  as  that  of  Ransome  & (Jo.,  already  referred  to, 
should  be  wanted.  Here,  however,  the  same  shaft  drives  all  the  tools 
in  the  combinatiou,  an  arrangement  which  necessitates  starting  all  to 
dri\ e one,  and  thus  a serious  wasteful  consumption  of  power  is  inevita- 
ble, unless  a vast  amount  of  work  is  done  ui)on  this  one  tool,  and  in 
such  well-distributed  variety  as  .to  keep  all  parts  of  the  combination 
employed.  But,  in  the  latter  case,  it  would  be  far  best  to  purchase 
independent  tools,  in  order  to  insure  freedom  from  interference  of  one 
piece  of  work  with  auotlier,  if  for  no  other  reason. 

In  this  machine,  tenons  are  cut  by  two  small  circular  saws  mounted 
at  the  proper  distance  from  each  other,  and  two  other  saws,  set  on 
a vertical  axis,  cut  the  shoulders.  The  work  is  fed  verticall3',  and  no 
inconvenience  is  experienced,  except  with  unusually  large  pieces.  The 
molding-machine  in  this  combination  is  not  as  generally  applicable 
as  are  some  other  machines,  as  it  can  only  work  one  side,  and  that  the 
top.  The  saw-table  is  well  placed,  and  is  fitted  with  a fence  for  ripping, 
and  with  a cross-cutting  plate  which  can  be  worked  handily,  after  turn- 
ing the  fence  down. 

A tryiiig.ii[)  maohiue  was  exhibitea  in  this  collection,  which  seemed 
a good  tool.  It  was  used  for  snifaciiig,  molding,  and  i)laaiug.  It  was 
intended  especially  for  heavy  work,  but,  by  making  a change  of  pressure- 
rolls,  could  be  used  on  thiu  material. 

273.  Messrs.  Powis,  James  & Co.  exhibited  a collection  of  wood- 
working tools  which  were  excellent  representatives  of  a standard,  and, 
perhaps,  somewhat  conservative  British  practice.  Like  nearly  all  of 
the  tools  ill  this  section,  they  were  plain,  neat,  well  made,  substantial, 
good  working  tools.  There  were  fewer  peculiarities  ot  detail  than  in 
t e exhibits  already  described,  but  the  makers  were  evidently  among 
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the  best,  and  deserved  the  position  which  they  claim  of  leading  makers 
of  generally-used  forms  of  wood-working  tools. 

Their  saw-frame  was  solid  and  convenient,  the  jdaniug  and  molding 

tools  were  well  gotten  up,  and  their  whole  department  was  well  arranged 
and  well  cared  for.  Compared  with  the  tools  in  the  IJnited  States  sec- 
tion, they  illustrate  well  the  peculiar  differences  of  practice  of  the  two 
nations. 

273.  The  Fuenoh  section  contained  some  excellent  luachiuery. 
Without  displaying  the  singular  ingenuity  of  American  manufacturers 
in  adapting  machinery  to  special  purposes,  and  without  exhibiting  that 
solidity  of  design  and  that  remarkable  conscientiousness  in  doing  good 
work  which  distinguishes  the  best  British  builders,  the  French,  never- 
theless, exhibited  some  fine  work  and  some  excellent  machines. 

Probably  no  nation  has  recently  progressed  more  rapidly  in  this 
branch  of  industry  than  they.  But  a few  years  ago,  this  business  was 
in  the  hands  of  a few  luiintelligent  mechanics,  and  their  work  was  of  the 
worst  possible  description.  To-day,  the  best  of  their  machinists’  work  is 
seen  in  this  dejiartment,  and  France  stands  only  second  to  Great  Brit- 
ain and  the  IJnited  States.  They  do  better  work,  and  are  far  more  orig- 
inal in  design  than  their  neighbors. 

274.  Perin’s  rand-saw. — The  firms  of  Penn  & Go.  and  of  Arbey& 
Co.  arc  especially  deserving  of  notice. 

The  former  is  known  thronghont  tlie  world  as  the  first  to  make  a suc- 
cessful band-saw,  and  as  having,  for  along  time,  been  the  manufacturer 
of  this  now  standard  and  invaluable  tool. 

The  band-saws  exhibited  at  Vienna  (Figs.  1(12,  103)  were  of  good 
design  and  execution,  and  would  have  called  forespecial  commeiulation 
had  they  not  been  subjected  to  the  disadvantage  of  a compaiisou  with 
the  beautiful  American  tools  already  describe<l.  They  had  no  provision 
for  taking  up  the  extension  produced  liy  the  rise  of  temperature  conse- 
quent upon  unintermitted  working. 


M.  Peril!  informs  the  writer  that  he  consitlers  this  provision, 


which 


is  deemed  so  important  by  American  manufacturers,  useless,  since,  when 
a saw  becomes  warm  enough  to  stretch  sullicieutly  to  slip  on  its  pulleys, 
it  is  too  warm  to  be  used  safely.  The  fact,  however,  that  other  build- 
ers go  to  considerable  expense  in  adding  this  superfluous  device,  asM. 
Perin  considers  it,  is  probably  very  good  evidence  that  it  is  decidedly 
adv^aiitageous. 

M.  Peril!  exhibited  a variety  of  excellent  blades.  The  manufactiiic 
of  hand-saw  blades  is  claimed  to  be  almost  entirely  a French  industry. 
The  finest  band-saw  blades  in  the  Exhibition  were  those  of  Dougoujon 
aiue,  37  Rue  de  Lyou,  Paris. 

The  steel  used  is  sometimes  English,  often  French,  but  the  maun- 

O 7 

factiire  of  the  blades  is  carried  on  principally  i^t  Paris. 

275.  ArbeY'S  planing-machine. — The  display  made  by  Messrs.  Arhey 
& Co.  was  excellent.  The  most  noticeable  exhibit  was  the  plaiiing-'ua* 


chine,  (Fig.  1(53,)  with  helicoiilal  blades,  which  has  already  heeu  men 


tioiied. 


n>2 


Fig.  183. — Woodbury  brush  iiiucliiiie 
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The  exhibitor  claims  for  this  machine  that  the  form  of  the  blades  and 
the  arrangement  of  the  helices,  which  are  placed  in  such  a manner 
that  before  one  edge  ceases  cutting  the  next  commences,  produce  per- 
feet  regularity  of  motion  and  a uniform  ex^jeuditure  of  power,  pre- 
sents the  cutting-edges  at  every  point  in  its  path  at  the  best  angle 
for  doing  its  work,  and  that  the  smoothness  of  the  draw-cut  thus  made 
gives  a surface  which  does  not  require  the  use  of  a finishing-tool. 

The  smoothness  of  motion  secured  enables  the  machine  to  do  its  work 
properly  without  being  secured  upon  a massive  foundation.  The  shav- 
ings are  all  throwm  behind  the  machine,  and  do  not  annoy  the  attendant 
or  clog  the  gearing. 

The  use  of  such  thin  blades  as  these,  which  are  but  one  or  two  milli- 
meters (.04  to  .08  inch)  in  thickness,  gives  economy  of  first  cost  and 
but  little  trouble  or  expense  for  sharpening. 

The  really  original  device  in  the  design,  the  principal  feature  being  an 
American  invention,  was  probably  the  use  of  a travwsiug  emery-wheel, 
which  sharpens  the  blades  wdien  in  place,  and  without  removal  from  the 
machine. 

This  seems  to  be  a very  important  addition,  and  wall  probably  insure 
the  success  of  the  machine.  It  enables  the  workman  to  sharpen  the 
blades  with  great  accuracy  and  rapidity,  and  makes  it  a matter  of  cer- 
tainty that  the  surface  of  the  wood  will  be  left  by  the  tool  a perfect 
plane,  and  that,  the  machine  being  once  in  proper  adjustment,  the  board 
will  be  left  of  precisely  even  thickness  throughout. 

Still  another  valuable  feature  of  this  planing-machine  is  that  it  may 
be  supplied  wdth  a variety  of  cylinders  and  correspondingly-formed 
blades  for  various  kinds  of  work.  These  porte-outils^^  can  be  kept  in 
a rack  or  a case  by  the  machine,  one  or  another  being  used  as  occasion 
requires.  The  expense  of  a considerable  stock  of  the  various  kinds  re- 
quired for  general  use  would  bo  comparatively  small. 

These  tools  have  been  already  largel^^  used,  and  it  is  claimed  that  they 
w'ork  equally  w^ell  on  pieces  of  any  size,  straight-grained  or  cross-grained, 
with  the  expenditure  of  little  power  and  without  jar. 

276.  The  accompanying  illustration  (Fig.  163)  exhibits  one  of  these 
Arbey  planing-machines.  Until  wdthiu  a few  years  these  machines  were 
always  made  with  the  old-fashioned  straight  knives.  They  are  now 
mostly  fitted  with  these  Mareschal  and  Godeau’s  patent  spiral  cutters, 
which  are  claimed  to  be  both  theoretically  and  practically  superior. 

The  fewer  the  number  of  fibers  cut  at  once,  in  wood-working,  the  bet- 
ter and  easier  the  operation.  It  is  largely  on  this  account  that  machines 
fitted  with  spiral  knives  are  supposed  to  prove  so  efficient. 

The  principal  features  of  these  machines  are  as  follows : . 

(1.)  The  pitch  of  the  knives  is  such  that  the  end  of  one  comes  opposite 
the  beginning  of  the  other.  The  result  is  that  the  knives  are  cutting 
during  the  whole  revolution,  the  machine  making  about  two  thousand 
turns  per  minute.  This  does  away  with  shocks  ou  the  bearings  the 
|)rincipal  cause  of  heating.  The  knives  always  present  the  same  angle  to 
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the  wood,  which  is  such  as  to  allow  cutting  across  the  grain,  even  if 
knotty,  and  permits  planing  parquet  flooring  already  put  together. 

As  the  knives  are  always  cutting  equally,  vibration  is  entirely  done 
away  with*  and  wear  and  tear  diminished;  wood  up  to  26  inches  width 
can  be  planed  with  a very  slight  increase  of  power.  The  shavings  are 

all  thrown  to  one  side  of  the  machine,  instead  of  clogging  up  the  work- 
ing parts. 

(2.)  The  knives  used  are  very  thin,  from  one  to  two  millimeters,  (.04  to 
.08  inch,)  and  quite  flat ; they  are  pressed  closely  to  the  spiral  cutter- 
block by  the  back-iron  and  nut,  and  do  not  project  more  than  2 or  3 mil- 
limeters, (.08  to  .12  inch.)  They  are  very  economical,  not  only  on  ac- 
count of  their  cheapness,  but  of  the  short  time  required  to  sharpen 
them. 


(3.)  By  a very  simple  arrangement  they  are  sharpened  in  their  places 
by  the  emery-wheel.  The  sharpening  is  perfectly  accurate,  as  the  wheel 
has  only  to  be  set  and  then  allowed  to  run.  As  good  work  cannot  be 

turned  out  without  sharp  knives,  this  improvement  cannot  be  too  liiffhlv 
estimated.  • 

The  machines  with  fixed  tables  are  used  for  parquet  flooring,  mold- 
ings,  and  thin  boards  that  do  not  require  trying  up. 

Special  machines  are  made  for  recessing  railway-sleepers,  for  cask- 
making,  and  for  cutting  long  tenons. 

These  planing-machlnes  with  spiral  knives  work  wood,  whether  broad 

or  narrow,  thick  or  thin,  along  the  grain  or  across  it,  without  vibration 

and  with  very  small  power,  and  with  great  saving  in  sharpening  and  in 
wear  and  tear.  ^ 


A large  number  of  these  machines  have  been  supplied  to  the  French 
government  and  to  private  firms. 

M.  Arbey  exhibited  a beautiful  little  fret-saw,  and  some  equallv  cred- 
itable work  done  by  it.  ^ 

277.  Thu  Austrian  section  contained  some  excellent  machinery, 
principally  of  designs  which  are  everywhere  standard.  Austria  in  some 
portions  is  heavily  timbered,  and  the  manufacture  of  wood-working  ma- 
chinery  promises  to  be  an  important  industry.  Pfaflf&  Co.  of  Vienna 
had  an  exceptionally  flue  exhibit  of  saws.  ’ 

The  importanceof  securing  the  most  efficient  wood- working  machinery 
and  at  the  same  time  the  least  expensive  iii  flrstcost  as  well  as  in  opera- 
tion, in  a timber-producing  country  like  our.s,  it  is  impossible  to  over- 
estimate, and  our  people  may  well  be  congratulated  that  our  mauufact- 
urers  are  exhibiting  so  much  intelligence  and  energy  in  meeting  the 

• u s o the  country.  It  is  not  impossible,  however,  that  they  are  doing 
their  work  too  well,  by  facilitating  the  working  of  wood  to  such  an  ex- 
tent  that  the  destruction  of  our  forests  will,  ere  many  years,  produce 
evils  so  serious  as  to  more  than  compensate  those  advantages  which  we 
are  accustomed  to  consider  of  pre  eminent  importance. 

machines  can  be  put  down  on  a’^nnji^^ras  was 
done  at  the  arsenals  of  Cherbourg  and  Brest.  • ’ 
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Textile  MACHINERY  AT  Vienna;  The  Avery  wool-spinner;  Ross’ picker-motion- 
General  character  of  exhihits;  Silk-manofacture  in  Switzerland;  Sewing^ 
machines— ATTACHMENTS,  AND  METHODS  OF  MANUFACTURIS  ; ThE  SELLERS  ROTARY 
puddlek;  The  Sellers  steam-hammer;  B.  S.  Massey’s  steam-hammer  - The 
Woodbury  brush-machine;  Stephens’  paraixkl  vise;  Bigelow's  shoe-ju- 
chinkry  ; The  Billings  &.  Spencer  Co.’s  drop-forgings  ; Tilghman’s  sand- 
blast; West’s  tire-setter;  MiLLiiit’s  pipe-bending  machine;  Warth’s  cloth- 
cutter;  Darling,  Browne  Sharpe’s  measuring-apparatus;  The  Morse  Twist- 

Drill  Company;  The  Scott  gear-molding  machine;  Jones  & Lodghlin’s 
gold-rolled  shafting— methods  of  its  manufacture  ; Cold-uolled  bronze  of 
S.  B.  Dean  ani>  of  General  Uchatius;  Character  of  ordinary  bronze;  Bronze 
CAST  IN  chills;  Uchatius’s  theory  ; Alloys  best  adapted  for  casting  in  chills  ; 
Best  methods  of  working  bronze — Uchatius’s  method — use  in  ordnance 

TESTS— effect  OF  STUETCIIINO  BEYOND  THE  ELASTIC  LIMIT;  OTHER  APPLICATIONS 
OF  COLD- ROLLING  ; COMPARISON  OF  STEEL  WITH  COLD-ROLLED  BRONZE ; UnDER- 
HUX’S  ANGULAR  BELT;  HYDRAULIC  FORGING;  FOUGED  LOCOMOTIVE  WHEELS}  * 

Appleby  &.  Biio.’s  and  J.  H.  Wilson  & Co.’s  steam-cranes;  Horton’s  lathe- 
chucks  ; German  opinion  of  American  tools.- 


278.  A considerable  display  of  the  machinery  of  textile  industry  was 
exhibited  at  Vienna,  but  it  was  not  rich  in  novelties. 

Of  wool-workin|[j  machinery  there  was  far  less  exhibited  than  of  cot- 
ton-machiner^x  The  machines  were  of  well-known  standard  forms,  and 
only  attracted  attention  by  fineness  of  workmanship  or  the  neatness  of 
finish.  A considerable  number  were  in  operation,  particularly  in  the 
British  and  in  the  Belgian  sections,  and,  as  a rule,  their  performance 
was  all  that  could  be.asked.  Platt  Bros.,  of  Oldham,  England,  and 
Bede  & Co.,  of  Verviers,  were  the  prominent  exhibitors.  The  former 
exhibited  the  only  wool-comber  noticed  by  the  wiiter.  The  wool-comber 
of  the  late  Cullen  Whipple,  of  Providence,  K.  1.,  an  American  invention 
recently  introduced  into  the  British  market,  was  not  shown,  although 
, probably  a much  better  machine  for  all  lengths  of  staple. 

279.  The  Avery  wool-spinner. — A machine  in  the  United  States 
section  attracted  more  attention,  and  seemed  generally  considered  to  be 
of  more  promise  than  any  other  wool-working  machine  exhibited.  This 
was  the  ‘‘xVvery  continiions  wool-spinner,”  an  invention  of  Mr.  Luther 
W.  Felt. 

‘^This  machine,”  says  Dr.  (Irotlie,  “excited  great  admiration  among 
woolen  manufacturers,  on  account  of  its  seeming  to  accomplish  in  a 
V'ery  small  space,  and  with  great  economy  of  construction,  a better  pur* 
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pose  than  raachiiies  of  ordinary  types.  Avery’s  spinning-machine  for 
corded  yarn  is  more  similar  to  the  original  spinning-machine  of  Har- 
greaves than  any  other  constrnction  so  far  introduced.  It  appears  that 
in  this  sense  Avery’s  invention  shows  a retrocession,  but  in  reality  it 
must  be  acknowledged  that  it  is  a progress.  Avery’s  invention  is  not 
only  an  important  contribution  toward  the  long-sought  solution  of  the 
problem  of  effecting  the  continuous  spinning  of  corded  yarns,  but  it 
also  utilizes  parts  of  former  machines  which  are  themselves  of  value. 
We  know  that  four  or  five  years  ago  the  too-willingly  rejected  simple 
arrangements  of  Hargreaves’  machine  had  to  be  again  adopted ; that, 
indeed,  nearly  the  whole  of  this  machine  was  reproduced,  but  with  the 
difference  that  the  nipping-apparatus  is  fixed  and  the  spindles  movable. 
However,  these  ex[»eriments  gave  satisfactory  results  only  for  ordinary 
wool.  Avery  must  have  carefully  observed  Hargreaves’  uippiQg-ai)i)a- 
ratus,  and  it  is  evident  that  he  decided  to  remove  the  objections  to 
which  it  is  open.” 

This  machine  was  exhibited  at  the  Annual  Exhibition  of  the  American 
Institute  at  ilew  York  in  1871,  and  was  there  given  a high  award,  the 
justice  of  which  was  fully  confirmed  by  that  given  at  Vienna  in  1873. 
The  wool-st)iuner  exhibited  was  a small  machine  of  rather  rough  design, 
but  of  good  workmanship,  and  was  proven  to  be  capable  of  doing  excel- 
lent work,  even  on  wool  containing  a considerable  proportion  of  shoddy. 
The  roving  is  fed  from  the  spool  by  a revolving  drum  driven  from  the 
pulley  shaft,  and  is  delivered  to  peculiarly-constructed  wheels,  which 
seize  it  at  the  proper  moment  and  release  it  again  as  the  spinning  occurs, 
and  therequired  draughtisthusgiven.  Thedrum  andthecage-wheel  with 
which  it  acts  revolve  at  tfie  same  speed.  The  roving,  as  delivered, 
hangs  down  loosely  until  sufficiently  twisted,  when  the  next  motion  de- 
livers ii  new  supply  and  takes  up  that  already  twisted. 

280.  The  action  of  the  machine  is  quite  a simple,  but  a very  ingenious, 
combination  of  mo\ements.  It  cannot,  however,  be  fully  described 
without  elaborate  drawings.  It  is  one  of  the  most  important  and  prom- 
ising of  recent  inventions  in  this  department.  A machine  in  the  Belg- 
ian section  was  intended  to  accomplisli  the  same  object,  but  it  was  of 
quite  different  construction,  and  seemed  far  less  effective. 

The  Avery  spinner  was  simple  in  construction,  quite  well  made,  and 
did  good  work.  The  wool  was  of  sliort  staple,  and  from  it  a yarn  was 
made,  very  fine  and  even,  and  comparing  well  with  yarn  made  by  tlie 
best  machines  of  ordinary  construction.  A large  percentage  of  shoddv 
can  be  worked  in.  The  machine  was  stated  to  be  capable  of  doing  its 
work  better  and  quicker,  at  one-half  the  expense,  and  to  occupy  one- 
fourth  the  space  of  the  best  of  other  machines.  It  was  stated  by  ex- 
perts to  make  very  little  waste,  and  to  require  comparatively  little  power. 
The  machine  was  one  of  the  most  perfectly  original  inventions  exhibited. 

281.  xMessrs.  Bede  & Co.  and  0.  Martine,  of  Verviers,  each  presented 
a fine  collection  of  wool-machinery,  and  among  them  were  some  observ- 
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able  improvements  in  matters  of  detail  whicli  were  considered  by  many 
visitors  to  be  uiinsnally  creditable.  The  British  machinery  of  Platt 
B-ros.  was  unexcelled  by  anything  at  V^ieuna,  and  many  American  man- 
ufacturers think  it  superior  to  that  built  in  this  country  by  our  best 
makers.  The  fact  that  our  own  manufacturers  of  such  machinery  are 
gaining  in  competition  with  their  British  rivals  would,  if  correctly 
stated,  however,  indicate  the  contrary. 

Austrian  and  German  builders  exhibited  some  excellent  machinery  of 
this  class,  and  the  Swiss  makers  were  at  least  fully  their  equals. 

2S2.  The  greatest  variety  of  textile  machinery  was  found  among  the 


looms. 

Mr.  Lester  E.  Boss,  of  Providence,  E.  I.,  exhibited  his  independent 
picker-motion  on  a loom  driven  by  Allen’s  friction-clutch  pulley,  aud 
both  devices  attracted  much  attention.  The  workmanship  of  the  appa- 
ratus was  exceedingly  creditable  to  the  manufacturers— the  Star  Tool 
Coinpany,  of  J’rovidence,  U.  1.— and  the  loom,  at  250  picks  per  minute, 
does  excellent  work.  The  peculiar  feature  of  this  loom  was  the  mecb. 
anism  by  which  the  shuttle  carrying  the  woof  was  propelled. 

The  earlier  method  of  accomplishing  this  was  by  a cam  or  lug  attached 
to  and  revolving  with  the  shaft  of  the  loom,  and  which  gave  a sudden 
blow,  the  force  of  which  depended  upon  the  speed  of  the  loom.  The 
speed  of  the  loom  being  ihomentarily  increased  or  diminished, from 
whatever  cause,  the  shuttle  would  bo  thrown  with  greater  or  less  torce, 
as  the  case  might  be,  and,  consequently,  no  uniform  motion  ot  the  shut- 
tle could  bo  obtained  without  absolute  uniformity  ot  speed.  By  means 
of  this  improvement,  howevei',  perfect  uniformity  of  motion  is  given  the 
shuttle,  as  it  is  propelled  by  a force  independent  of  the  speed  of  the 
loom,  and  it  is  hence  called  an  ‘‘  indeiiendent  shuttle-motion.”  The  shut- 
tle is  driven  by  a .series  of  .springs  coiled  upon  a shaft.  After  each 
motion  of  the  sliuttle  from  side  to  side,  the  springs  are  strained  up  by 
means  of  a cam,  and  the  power  is  “ let  off,”  at  the  proper  time,  by  the 

same  cam. 

It  is  claimed  for  this  new  motion  : 

(1.)  That  looms  to  which  it  is  applied  can  be  run  at  any  speed,  from  one 
pick  to  two  hundred  and  Gfty  picks  per  minute,  or  at  any  possible  spec 


required.  , 

(2.)  That  variations  in  the  speed  of  the  loom,  however  great  or  sue  i eu, 

will  not  affect  the  operation  of  the  shuttle,  and  that  such  \aiiatious 

will  require  no  re-adju.stmeut  of  straps,  boxes,  or  any  other  pait  o 

(3.)  That  a better  fabric  must  be  produced,  since  tlie  tension 
iugis  not  affected  by  tlie  speed  of  the  loom,  and  no  jar  is  mac  t on 


lay-beam  by  the  pick.  . . i 

(4.)  That  less  waste  is  made,  since  the  force  of  the  shuttle  is  no  va 

by  the  motion  of  the  loom,  and  the  cop,  therefore,  is  not  ha  e 

broken. 
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(5.)  That  the  cost  of  the  motion  is  less  thau  that  of  any  other  shuttle- 
motion  in  use. 

(6.)  That  the  expense  of  operating  the  loom  will  be  greatly  lessened, 
since  the  shuttle-motion  is  more  durable,  there  being  no  point  liable  to 
wear,  no  breaking  of  picker  sticks  or  straps,  no  sudden  shock,  as  by  the 
blow  of  the  cam  in  other  motions,  and  less  liability  to  “ shuttle-smashes,” 
because  there  is  no  danger  of  the  shuttle’s  bounding  back,  or  failing  to 
“ box,”  from  variations  in  the  speed  of  the  loom,  and  since  the  cost  aud 
delays  incident  to  repairs  are  consequently  greatly  reduced. 

(7.)  That  less  power  is  needed,  and  less  time,  attention,  aud  skill  on 
the  part  of  the  operator  required  to  run  the  loom. 

(8.)  That  it  is  adapted  to  all  kinds  of  looms,  aud  may  be  easily  applied 
to  old  looms  without  alteration. 

283.  Platt  Prothers  exhibited  in  the  British  section  a cotton-gin 
designed  especially  for  the  woolly  seed  of  upland  cotton.  It  did  excel- 
lent work,  cleaning  the  seed  well,  and  without  breaking  up  the  fiber 
seriously.  The  general  form  resembled  somewhat  a gin  exhibited  re- 
cently at  the  American  Institute  Exhibition,  and  the  use  of  weights 
instead  of  springs  to  force  the  rollers  against  the  knife  was  claimed  to 
insure  good  work,  even  in  unskilled  hands,  securing  a uniformly-applied 
pressure  aud  certainty  of  action.  The  gin  was  stated  to  be  able  to  work 
off  120  pounds  per  hour  of  clean  cotton  from  upland  seed,  and  200 
pounds  from  sea-island  cotton  seed. 

The  exhibit  of  textile  machinery  was,  as  a whole,  far  more  remark- 
able for  Its  magnitude  thau  for  qovelty.  In  the  exhibit  of  Bede  & Com- 
pany, the  use  of  friction- gearing  was  an  innovation  which,  if  as  success- 
ful as  it  is  claimed  to  be,  will  be  largely  imitated. 

The  exhibition  at  Yienua  of  one  of  our  best  card-setting  machines,  of 
our  harness-making  machines,  of  some  of  our  well-known  inventions 
and  standard  machinery  in  this  department,  would  have  added  im- 
mensely to  the  interest  of  the  United  States  section  of  the  exhibition 
contained  in  the  machinery-hall. 

284.  The  silk-manufacture  is  with  us  a comnarativeh^  vnnfhfni 


the  United  States  section.  Frajice  and  Switzerland  had  verv  intp.rpsfincr 


aud  patterns. 
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Switzerland  exhibits  some  exainples  of  waste-silk- working raachiuery. 
As  the  fiber  is,  in  this  case,  iniicli  broken  np,  and  resembles  more  nearly 
those  more  familiar  textiles,  cotton  and  wool,  the  process  of  working  is 
intermediate  between  that  by  which  new  silk  is  worked  and  the  ordi- 
nary  method  of  working  long  wools. 

If  we  may  judge  by  what  was  shown  at  Vienna  and  by  the  statistics 
given  in  Part  11.  the  silk-manufacture  of  Switzerland  must  be  a large 
and  an  exceedingly  important  branch  of  that  nation’s  industry. 


285.  SEWiNa-MACiiTNES  caii  hardly  be  classified  with  the  textile  ina. 
chinery,  bat  they  are  hardly  second  to  them  in  importance,  and  they 
a])peared  in  every  section  of  the  machinery-hall  in  wonderful  variety 
and  in  great  numbers.  The  more  important  were  of  American  make,  or 
w'ere  copies,  made  with  great  accuracy  frequently,  of  American  ma- 
chines. Tlie  manufacturers  of  Great  Britain  and  of  the  continent  have 
imitated  our  methods  of  manufiicturing,  and  often  produce  exceedingly 
creditable  work.  The  exhibit  of  sewing-machines  in  the  United  States 
section  was  very  extensive,  and  all  of  our  standard  machines  were  well 
r(*presen ted.  This  was  one  of  th(^  most  attractive  departments  of  the 
whole  Welt-Ausfftclliuig^  and  interested  all  classes  of  visitors.  Examin- 
ing carefully  the  construction  of  these  machines,  and  comparing  those 
of  foreign  make,  it  is  soon  discov^ered  that  where  defects  occur  in  the 
latter  they  are  generally  the  result  of  a lack  of  knowledge  of  the  proper 
distribution  of  material.  The  machines  were  made  of  standard  forms. 


and  their  parts  were  always  made  to  gauge  and  were  interch^ingeable; 
but  still  the  fits  were  sometimes  a little  loose,  and  the  neat  adaptation 
of  the  special  qualities  of  steel  and  of  iron,  or  of  case-hardened  iron, 
which  invariably  distinguishes  the  American  productions,  were  some- 
times not  seen  in  the  foreign  copies. 

286.  The  large  number  of  ingenious  and  convenient  attachments 
which  accompany  the  American  machines  is  also  one  of  their  distin- 
guishing characteristics.  The  foreign  manufacturers  do  not  invent  them, 
and  they  are  sornewdiat  slow  in  adopting  tliose  invented  in  the  Uuitec 
States.  " It  is  not  at  all  remarkable  that,  notwithstanding  the  fact  that 
so  many  sewing  machines  are  now  built  in  Europe,  many  thousands  are 
still  annually  exported  from  America.  Even  the  humble  cottagers  o 
Bohemia  and  the  semi-civilized  people  of  Russia  and  of  Turkey  are  now 
becoming  purchasers  of  these  universally-usetul  little  laboi  save 
A resident  of  Sweden  states  that  the  poor  peasants  of  that  country  a so 
are  succeeding,  frequently,  in  satisfying  the  ambition,  which  is  coraino 
to  all,  of  possessing  an  American  sewing-machine.  The  sewing-mac  un 
has  thus  become  one  of  the  most  important  aids  in  the  advancemeu 
civilization.  Increase  ot’  production  and  the  decrease  of  prices  a 
matters  of  great  moral  as  well  as  commercial  importance.  Tlie  exp 
tion  of  the  last  of  the  important  patents  upon  essential  details  wi  soo 
take  place,  and  these  very  desirable  consequences  must  soon 

287.  Various  unclassified  exhibits.  — Besides  the  mac  m ) 
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noticed  in  the  preceding  sections  of  this  report,  thei'e  were  iminy  exhibits 
which  deserve  more  than  a passing  mention. 

In  the  exhibits  of  Messrs.  Sellers  & Co.  were  included  a Morrison 
steam-ham luer,  embodying  improvements  devised  by  the  builders,  a 
novel  revolving  piiddling-furnace,  and  a 12-iuch  rolling-mill  train. 

The  latter  was  simple  in  construction,  well  proportioned,  and  well 
built.  Its  neatness  and  its  substantial  appearance  secured  for  it  much 
commendation. 

The  Sellers  rotary  puddler  was  a most  interesting  and  ingen, 
ions  machine.  The  heat  was  intended  to  besiip[)lied  by  a gas-fiiriiace- 
the  flame  being  directed  into  the  i)uddliug-furnace  at  the  upper  portion, 
and  after  eddying  downward  within  the  egg  shaped  vessel,  passed  out 
at  the  end  at  which  it  had  entered,  through  an  opening  below  that  which 
afforded  ingress. 

The  puddling-furnace  was  therefore  open  only  at  one  end.  This  con- 
struction secures  greater  strength  in  the  shell,  a more  eliable  adhesion 
of  the  lining,  and  some  important  advantages  of  manipulation. 

The  furnace  was  supported  by  “ fr  iction- wheels  ” at  one  end  and  on  a 
horizontal  pivot  at  the  other.  The  power  required  to  produce  its  rotary’ 
motion  was  comparatively  small. 


A small  horizontal  steam-engine  was  mounted  by  the  side  of  the 
furuace,  on  the  same  supporting-frame.  The  whole  apparatus  was 
carried  by  this  frame,  which  was  pivoted  at  the  end  nearest  the  open 

end  of  the  furuace,  the  pivot-bolt  being  placed  a little  on  one  side  and 
beneath  the  furnace-mouth. 

Tlie  eiisine  was  so  attached  that  it  could  be  used  either  to  revolve 
the  furnace  or  to  swing  the  whole  machine  about  the  pivot-bolt.  A 
neat  little  device  permitted  reversing  promptly,  and  every  chauge  could 
be  made  with  great  facility.  The  material  and  workmanship,  as  weM 
as  the  general  design,  fully  sustained  the  reputation  of  the  makers. 

In  operating  this  furuace,  a man  stands  upon  a little  platform  on  the 
mam  frame  by  the  side  of  the  engine,  and,  after  first  allowing  the  furuace 
to  become  well  heated  up,  he  sets  the  engine  in  motion  and  swings  it 
into  a position  at  right  angles  to  the  face  of  the  flue-wall. 

The  iiig-iron  is  then  charged.  Messrs.  Sellers  & Co.,  instead  of  charg- 
tug  solid  metal,  as  is  customary  elsewhere,  melt  the  pig-iron  in  a cupola- 
furnace,  and  run  molten  iron  into  the  puddling-furnace,  thus  shortening 
and  cheapening  the  process,  and  saving  the  turiiace-lining  from  the  serf- 
ous  abrasion  consequent  upon  careless  charging  with  solid  pig-metal. 

e turiiace  is  then  run  back  into  position  and  set  in  revolution  • the 
ga,s.flame  having  been  given  an  oxidizing  character,  the  process  of  de- 

“Totrv  n-"'  T 

lotai^  ” puflfliing-funiaces. 

The  ball  of  siiouge  is  removed  by  first  turning  the  furnace  awav  as 
when  charging,  and  handling  the  balls  with  properly-arrauged  appara- 
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The  details  of  the  method  of  working  and  handling  the  metal,  as 
practiced  at  the  Messrs.  Sellers’s  iron- works  at  Edgemoor,  near  Wilming- 
toiij  Del.,  are  exceedingly  ingeniously  planned,  but  a description  would 
be  out  of  place  here. 

288.  In  Sellers’  Morrison  steam-hammer  (Fig.  165)  the  weight  is 
principally  in  the  piston-rod,  which  is  made  very  large  both  above  and 
below  the  piston,  but  largest  below.  The  piston  is  welded  to  the  rod. 
The  heads  of  the  steam-cylinders  form  the  guides,  preventing  the  lateral 
movement  of  the  hammer,  and  one  side  of  the  upper  portion  of  the  rod 
is  planed  flat  to  prevent  turning. 


Fig.  165. — Sellora’s  “ Morrisou”  steam-hammer. 

The  hammer-head  is  secured  to  the  rod  by  a circular  key,  a ring  of 
wedge-shaped  cross-section,  but  which  is  readily  loosened  by  removing 
the  top  die  and  striking  a light  blow  on  the  anvil-block. 

The  valve-movement  is  automatic,  or  a hand-motion  is  used,  as  desired. 
In  the  former  case,  the  motion  is  obtained  by  two  opposite  grooves  of 
var3’ing  depth  cut  into  the  rod,  in  which  grooves  a yoke  is  fitted,  which, 
bearing  on  the  inclined  surfaces  forming  the  bottoms  of  the  groo\e8,  is 
given  a motion  which  is  transmitted  to  the  valve.  The  line  of  motion 
passing  through  the  center-line  of  the  rod,  there  is  no  tendency  to  twis 
the  latter. 

The  valve  is  balanced.  A supplementary  valve  permits  choking  o 
exhaust  where  quick,  light  blows  are  wanted,  as  in  finishing  work. 

The  tool  is  admirable  in  every  respect.  Sellers  & Co.  also  exhibiteU 
their  latest  style  of  Gififard  injector  for  feeding  boilers.  This  won  er 
fully  beautiful  and  ingenious  yet  simple  device  owes  much  of  its  pres 
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eut  effectiveness  to  this  firm,  who  are  the  licensees  in  the  United  States. 
The  self-adjusting  device  by  which  the  apparatus  adjusts  its  own  water- 
supply  is  hardly  less  important  and  beautiful  than  the  main  inventions. 

yir.  Ohas.  Churchill,  of  Xew  York,  exhibited  a considerable  vari- 
ety ot  metal-products,  including  the  standard  metal-workers’  tools. 
One  of  the  most  novel  was  the  Stephens’  parallel  toghle-joint 

VISE. 

This  neat  and  ingenious  device  is  constructed  in  a considerable  v'ari- 
ety  of  forms  by  the  Colt  Armory  Company,  of  Hartford,  Conn.  It  is 
illustrated  in  the  accompanying  sketches.  Fig.  IGG  represents  the  tool 


• * 166.— Stephens'  parallel  vise. 

as  usually  monutod  ou  the  work-be.ich.  on  a swivel,  aud  capable  of  tak- 
ing  any  desired  position  for  convenience  in  working  upon  the  piece  held 

^ork  and  the 

handle  thrown  up  against  the  side  of  the  slide.  . 

thiT  slJOwing  the  mechanism  by  which 

the  handle  clamps  the  jiiece  in  position.  The  toggle  G G'  the  tooth 

bar  t the  spring  S,  the  cam  0 and  handle  H,  carrying  a hook  M are  the 
peculiar  and  essential  parts  of  the  device.  The  slidLg-bar  B Brpro 

in  ime.'"  “ tooth-bar  t when  the  vise  is 

The  work  being  placed  in  the  vise  and  the  laws  brono-i.r 

«•  tli.  ,1.  ',1^^  poto  l. “blr, 


z!96  VIENNA  INTERNATIONAL  EXHIBITION,  1873. 


the  tooth-bar  t into  contact  with  the  rack  T.  Coiitiiiain^-  the  outward 
motion  of  the  handle,  the  cam  C comes  in  contact  with  the  projection 
n,  straiglitening  the  knee-joint,  and,  by  driving  the  sliding-bar  backward, 
forces  the  movable  jaw  firmly  against  the  work,  holding  it  in  place  with 
great  force.  The  vise  is  very  quick  in  action,  handy,  strong,  and  very 
powerful  in  its  grip.  It  has  very  little  friction,  and  would  seem  likely 
to  prove  durable.  The  work  is  released  easily  by  the  slightest  reverse 
motion  of  the  handle.  The  manufacturers  have  a remarkably  large 
variety  of  attachments  and  of  modified  forms  of  this  vise,  fitted  for  the 
peculiar  demands  of  the  several  trades. 


The  swivel  on  which  the  vise  is  mounted,  as  shown  above,  (Fig.  106,)  is 
a very  elegant  and  simple  device.  It  consists  of  a plate  which  may  be 
bolted  or  clamped  upon  the  bench  or  on  a table,  and  carrying  on  its 
- upper  face  a ring  of  wedge-shaped  section.  A similar  ring  is  cast  ou 
the  upper  part  of  the  swiv^el,  which  fits  into  the  first-named  ring.  Abolt 
passes  through  both,  and  its  nut  is  turned  by  means  of  projecting  arms. 
On  setting  it  up,  tlie  two  rings  are  clamped  together,  and,  the  inclined 
surfaces  coming  snugly  against  each  other,  the  vise  is. held  firmly,  and 
can  neither  turn  nor  shake. 

The  exhibitor,  in  his  circulars,  gives  a comparison  of  the  relative  extent 
of  rubbing-surface  in  this  and  in  the  common  screw-vise,  making  them 
as  one  to  nearly  nine  hundred,  and  estimates  the  required  time  ol  open 
iug  and  closing  to  be  as  one  to  fifty.  The  taper  attachment  for  holding 
tapers  is  one  of  the  many  neat  and  handy  attachments  which  are  sup- 
plied with  these  vises.  Fig.  108  exhibits  its  construction  better  than 

can  any  verbal  description.  . 

The  Billings  & Spencer  Manufacturing  Company,  of  Hartford, 
Conn.,  exhibited  a great  variety  of  parts  of  machinery,  solid  forgings 
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for  sewiiig-machiDes,  gnus,  and  small  tools.  They  were  all  made  iu 
drop-presses — a class  of  tools  described  wlieii  referring  to  the  exhibit  of 
Messrs.  Stiles  & Parker.  These  were  very  hue  specimens  of  this  kind 


Fig.  — r;i|  iM  attJiLliii.ent  loi  k\ujk. 


of  work,  and  many  of  tlieni  were  master  pieces  of  accurate  forms  and 
intricate  shapes.  This  tirm  have  made  a si»ecialt3' of  tliivS  kind  of  work 
and  have  succeeded  in  producing  some  jiieces  of  work  which  could  only 
have  been  made  by  a very  skillful  workman,  if  it  could  have  been  done 
at  all  by  haml.  The  heavy  blow  of  the  drop  press,  forcing  the  metal, 
at  a single  stroke,  into  the  die,  does  its  work  so  quickly  that  the  metal 
has  no  time  to  cool,  and  therefore  so  thoroughly  that  no  defects  ot  inter- 
nal structure  can  be  produced  or  can  remain  if  originally  present.  It 
does  its  work  so  accurately  that  every  [liece  is  the  precise  counterpart 
of  every  other  piece  made  in  the  same  dies,  and  each  is  precisely  of  the 
size  and  form  demanded.  It  does  its  work  so  rapidly  and  cheaply  that, 
where  the  number  of  pieces  to  be  made  is  sufficient  to  justify  the  making 
of  the  dies,  there  is  no  comparison  in  economy  between  this  and  the 
ordinary  method  of  hand-forging. 

The  use  of  the  drop-press  was  hrst  introduced  into  general  use  among 
the  jewelers,  and  among  manufacturers  of  the  light,  thin  cases  used  for 
daguerreotypes,  and  makers  of  similar  products.  The  tool  was  next 
applied  to  special  operations  in  gun-making,  and  in  making  bolts,  nuts, 
and  small  rivets.  It  has  now  become  so  generally  used  that  tool-build- 
ers find  a considerable  market  for  the  styles  of  this  machine  which  each 
makes  iu  some  variety.  Several  firms  are  making  a regular  and  an 
extensive  business  in  supplying  drop-forgings  to  sewiug-machme  com- 
panies, makers  of  flreuxrms,  and  .othei*  manufacturers  who  make  exten- 
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Fio.  172. — Machine- wrenches 


Fig.  173. — Machiue-haiulles. 
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sive  use  of  small  iron  and  steel  parts  in  their  work,  in  great  miinbers 
and  of  precisely  similar  torm  and  size.  The  Billings  & Spencer  Com- 
pany are  well  known  in  the  United  States  as  among  the  largest  and 
most  successful  makers  of  drop-forgings,  and  nothing  shown  in  other 
sections  of  the  Exhibition,  or,  indeed,  in  the  manufacturing  establish- 
ments of  Europe,  so  far  as  the  observation  of  the  writer  has  enabled  a 
judgment  to  be  formed,  equals  their  work.  In  fact,  the  Jjusiness  does 
not  scent  to  have  taken  definite  form  there  as  it  has  in  our  country  j but 
it  is  not  [U’obable  that,  thoroughly  awakened  as  European  manufacturers 
have,  of  late  years,  become  to  the  importance  of  the  peculiar  modifica- 
tions of  practice  which  have  come  to  distinguish  the  industries  of  the 
United  States  in  so  marked  a manner,  that  this  modification  of  practice 
in  forging  will  remain  long  peculiar  to  the  United  States. 


Fig.  174. — Sewing-machine  shuttles. 


Figs.  169  to  176  exhibit  some  of  these  interesting  specimens  and  the 
most  important  and  most  difficult  forms.  The  rifle-breech-pins  (Fig. 
169)  and  the  shuttles  (Fig.  174)  are  remarkably  fine  examples  of  this 
kind  of  work.  This  firm  either  furnish  these  pieces  in  the  rough  or 
• finished. 

289.  Messrs.  B.  & S.  Massey  exhibited  several  fine  steam-hammers  in 
the  British  section.  They  state  that  their  small  hammers  are  specially 
designed  for  smiths’  work  of  every  kind,  and  are  applicable  for  the  light- 
est descriptions  of  forgings,  such  as  have  usually  been  made  by  hand. 

In  consequence  of  the  almost  endless  variety  of  purposes  to  which 
they  are  adapted,  steam-hammers  are  economical  even  in  the  smallest 
smiths’  shops,  and  even  with  only  a single  fire.  Some  of  their  principal 
advantages  are : 

A great  saving  in  wages,  as  one  smith  with  a steam-hammer  can  do 
as  much  as  two  or  three  without  it,  and  for  the  smaller  sizes  he  will  not 
need  an  assistant. 
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Great  economy  in  fuel,  as,  at  one  heating  of  the  iron,  so  inucb  more 
work  can  be  done  than  is  possible  by  hand. 

Economy  of  iron,  since  scrap-metal,  which  is  commonly  almost  useless 
cati  be  worked  up  into  forgings  of  good  quality. 

The  forgings  may  be  so  accurately  hnisheil  as  to  require  little  labor 
in  iitting  and  turning.  In  many  cases  the  saving  is  said  to  amouut 
to  50  per  cent.,  or  even  more,  defraying  the  cost  of  the  hammer  in  afew 
mouths. 

All  of  the  hammers  of  Messrs.  B.  & S.  Massey  are  double-acting,  and 
will  strike  lightly  or  heavily,  quickly  or  slowly,  long  or  short  strokes, 
and  elastic  or  dead  blows,  as  desired.  Large  hammers  are  usually  made 
by  tliem  to  work  by  hand  only;  but  the  smaller  ones  are  ordinarily 
arranged  so  as  to  work  both  self-acting  aud  by  hand.  They  work 
without  jar  or  shock. 


Fig.  177. — Massoy’s  .'3-cwt..  stoani-hairiaier. 

Their  5-cwt.  steam-hammer,  for  general  smith- work,  (Fig.  177,)  is  spec- 
ially designed  for  the  use  of  smiths,  whether  for  machine-making,  engi* 
ueering,  guu-making,  ship-work,  railway-work,  agricultural  implement 
work,  or  any  other  class  for  which  smith-work  is  used. 

The  construction  of  steam-hammers  which  are  commonly  employed 
for  the  heavy  work  in  connection  with  which  the  steam-hammer  is  best 
known,  are  not  vvell  adapted  for  smiths’  use,  but  tlieone  represented  m 
Fig.  177  is  said  to  be  found  remarkably  convenient  and  easy  ol  manipu- 
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latiou.  The  form  of  the  frainiii"  allows  the  smith  to  staiul  on  three 
sides  with  equal  facality^  so  that  if  standing  in  the  middle  of  the  work- 
shop, men  from  different  sides  can  with  ease  brin<^  their  work  under  it. 
And  as  the  framin"  consists  of  two  separate  standards,  with  a clear 
wide  space  between  them,  a long  bar  can  be  passed  between  them  and  laid 
across  the  anvil  in  either  direction. 

The  gearing  for  working  the  valves  is  a combination  of  “selfacting” 
and  “ hand-worked  ” gearing.  The  “ tappets,”  or  “ earns,”  or  “ sliding 
wedge,”  usually  employed  in  the  self-acting  gear  of  hammers,  are  entirely 
<lispensed  with,  and  thereby  the  excessive  noise  and  wear  which  they 
produce  are  obviated.  The  mechanism  consists  of  a hardened  roller, 
fixed  upon  the  back  of  the  “ tup,”  or  hammer-head,  sliding  up  and  down 
the  face  of  a curved  lever,  which  is  supported  at  its  upper  part  by  a 
stud,  and  kept  always  in  contact  with  the  roller  by  means  of  a spiral 
spring;  it  moves  a valve  spindle,  and  regulating-valve  upward  and 
downward  at  every  rise  and  fall  of  the  hammer.  The  distance  traveled 
by  the  piston  is  regulated  by  a lever,  fixed  upon  the  stud,  which  carries 
the  curved  lever,  and  by  moving  which  this  stud  is  elevated  and  de- 
pressed, thus  altering  the  points  at  which  the  steam  is  admitted  to  or 
liberated  from  the  cylinder.  This  regulating-lever  is  fitted  on  the  out- 


side of  the  framing  in  a position  convenient  for- handling,  and  is  pro- 
vided with  a guard-plate  and  spring  for  retaining  it  in  any  desired  po- 
sition. The  regulating- valve  is  in  the  form  of  a double  piston,  hollow 
through  the  center,  so  as  to  be  open  from  end  to  end.  The  steam  is  ad- 
mitted and  released  through  a number  of  ports,  arranged  around  the 
valve  on  all  sides,  so  that  the  valve  is  held  in  perfect  equilibrium,  and 
as  a very  slight  movement  of  the  valve  uncovers  a large  area  of  the 
ports,  the  steam  enters  and  leaves  the  cylinder  vmry  quickly,  and  causes 
the  hammer  to  deliver  its  blows  with  great  rapidity  and  force.  With  a 
fair  pressure  of  steam,  of  from  about  40  to  00  pounds  per  square  inch,  the 
hammer  will,  when  desired,  strike  about  250  blows  j)er  minute,  and  the 
length  of  stroke  can  be  varied  at  pleasure  from  the  maximum,  21  inches, 

down  to  about  2 inches,  the  changes  being  effected  without  checking  the 
hammer. 

For  many  purposes  the  self-acting  stroke  is  not  so  useful  as  a slow 
and  heavy  “ dead”  blow,  in  which  the  steam  does  not  begin  to  lift  the 
piston  until  the  full  force  of  the  blow  has  been  expended.  Ordinarily 
in  “ self-acting”  hammers  this  quality  of  blow  is  either  not  attainable  at 
allor  only  imperfectly,  and  with  difficulty ; but  in  this  hammer  there  is  a 
hand-lever  in  a convenient  position,  connected  directly  with  the  valve,  by 
menus  ot  which  perfectly  “dead”  blows  can  be  deli\mred  instantly,  the 
change  from  “self-acting”  to  “hand-working”  being  effected  without  the 
slightest  interruption.  For  stamping,  punching,  and  any  other  purposes 
for  which  heavy  deliberate  blows  are  required,  this  is  of  importance. 

The  pistons  of  these  hammers  are  forged  in  one  solid  piece  with  the 
piston-rod,  andfitted  with  Ramsbottom’s  steel  packing-rings.  The  “ tup” 
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is  of  haininered  scrap-iron,  and  moves  between  guides  formed  in  the 
framing. 

Tlie  anvil-block  is  a separate  casting  of  great  weight,  and  turned  in 
the  lathe  in  the  part  which  passes  through  the  base-plate,  the  hole  in 
the  latter  being  bored  out  to  ht  it,  thereby  preventing  the  inconvenience 
caused  by  the  anvdl-block  moving  from  its  true  position  or  settling  down 
on  one  side. 


Fig.  178. — Masseys'  ^-cwt.  .steam- barauier. 

Fig.  178  i8  an  illustration  of  a j-ewt.  steain  liammer ; is  much  useil  to.' 
forging  files,  spindles,  bolts,  cutlery,  and  otlier  suiall  work. 

For  file  forging,  the  first  steam-liainiuer  known  to  have  been  used  was, 
it  is  said,  made  by  B.  & S.  Massey  for  Messrs.  T.  Turton  & Sous’  Shea 
and  Spring  Works,  Sheffield ; and  though  the  opposition  of  the  trac  e- 
unions  threw  much  difficulty  in  their  way,  the  use  ot  small  steam  am 
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mers  is  rapidly  superseding  hand-forging.  For  many  purposes,  these 
little  hammers  are  fitted  with  “foot-levers,”  by  means  of  which  the 
workman  is  enabled,  without  assistance,  to  start  and  stop  them,  and  to 
regulate  their  speed  and  force,  while  leaving  both  hands  free  for  the 
manipulation  of  his  work. 

, For  other  purposes,  when  there  is  a greater  variety  in  the  shape  of 
articles  to  be  made  with  the  hammer,  the  foot-lever  is  omitted,  as  the 
workman  could  not  conveniently  make  use  of  it.  This  hammer,  it  is 
stated,  can  be  worked  up  to  a speed  of  about  400  blows  per  minute. 
The  maximum  length  of  stroke  is  11  inches. 


The  U cwt.  steam-hammer  is  used  for  medium  smith-work.  The  con- 
struction  of  this  hammer  is,  with  small  exceptions,  similar  to  the  5-cwt. 
one  already  illustrated  in  Fig.  177.  It  is  used  for  the  lighter  kinds 

of  general  smith-work,  such  as  bars  and  shafting,  up  to  about  3 inches 
in  diameter. 


This  hammer  was  exhibited  at  work  at  the  Exhibition,  the  5-cwt.  ham- 

mer  being  too  large  to  work  there,  on  account  of  the  vibration  produced 
by  Its  powerful  blows. 

Fig.  179  represents  the  steam-tiltiug-hammer  for  steel.  They  are 
Ot  greiit  streiigtl.  in  all  tbeir  parts,  with  large  cylinders,  short  stroke, 

simple,  self-acting  valve-gear,  and  very  rapid  action.  The  sizes  range 
irom  1 to  20  cwt.  ^ 

Fig  180  illustrates  the  steam-hammer  for  wheel-inaking,  copper-work 
.V-c.  Por  any  work  which  requires  great  width  and  height  under  the 
flaming,  this  form  of  hammer  is  specially  suitable.  For  wheel-making 
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and  lieavy  copper-work,  the  hammer  is  usually  worked  by  hand,  as 
shown  in  the  engraving,  the  gear  being  so  arranged  as  to  leave  the 
space  below  the  framing  quite  unobstructed.  The  sizes  are  1 0 to  15  cwt. 
They  are  capable  of  striking. 3 00  bloWvS  per  minute.  The  height  under 
the  framing  is  11  feet. 


Fig.  180. — Massoj’s  steam -ham  in  er. 


Fig.  181  illustrates  the  3 cwt.  special  steatn-stamp.  This  is  a steam- 
hammer  of  peculiar  arrangement,  introduced  years  ago  by  the  Messrs. 
Massey,  and  sjiecially  designed  for  forging  articles  of  which  large  quan- 
tities are  used,  by  means  of  dies  cut  to  the  form  of  tlie  finished  article. 
The  stamp  is  not  self-acting,  but  is  regulated  either  by  the  foot  or  by 
the  haml.  Wlien  left  to  itself  with  tlie  steam  turned  on,  it  rises  to  the 
top  of  its  stroke  and  rejuains  in  that  position  until  the  valv^e  is  brought 
down  by  the  hand  or  foot  of  the  attendant.  It  then  delivers  a single 
“ dead  blow,”  and  rises  again,  as  befiire,  leaving  the  lower  die  clear  for 
the  removal  of  the  finished  article  and  the  introduction  of  the  hot  iron 
for  a new  one.  The  upper  die  is  fixed  rigidly  in  the  tup  or  hammer- 
head, the  lower  one  being  adjusted  by  strong  poppet-screws  until  it  ex- 
actly coincides  with  it.  The  tup  is  fitted  between  slide  bars  which  guide 
it  down  upon  the  lower  die,  and,  with  a stamp  of  adequate  size,  the 
forging  can  be  finished  at  a single  blow  with  a great  degree  of  accuracy. 
Special  arrangements  are  introduced  for  facilitating  the  adjustment  of 
the  dies,  for  removing  bolts  and  similar  articles  from  the  dies,  for  pre- 
venting the  piston  from  striking  the  cylinder-cover,  and  for  adjusting 
the  slides  so  as  to  compensate  for  the  wear  caused  by  friction. 

The  5-cwt.  stamp  will,  with  great  ease,  as  claimed  by  the  exhibitors, 
make  a bolt  IJ  inches  diameter,  with  large  square  head  2 j inches  diam- 
eter and  1 inch  thick,  and  with  very  dee[>  square  neck,  at  a single  hUnc, 

The  principal  sizes  of  these  stamps  weigh  from  ^ to  10  hundred- 
weight. 

Fig.  182  illustrates  some  of  the  work  done  by  these  tools,  such  as 
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Fig.  182. — Specimen  forgings  made  with  Massey’s  steam-stamps 
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Fui.  *208. — Ai>[ilcbj 's  stejini-cnine. 
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screw-keys,  spanuers,  bolts,  rivets,  nuts,  gun-locks,  joint-ends,  spear- 
heads, levers,  bosses,  and  other  pieces. 

290.  Mr.  H.  C.  Covert,  of  Xew  York,  exhibited  the  Woodbury  brush- 
machine,  in  operation  in  the  American  section,  making  brushes  of 
every  size  and  kind.  This  machine  (Fig*  183)  is  purely  automatic.  It 
forms  the  bristles  into  bundles  of  suitable  size,  winds  a fine  wire  about 
the  part  which  is  to  enter  the  back  in  such  a way  that  it  forms  a screw- 
thread.  It  is  then  screwed  into  the  back,  and  so  firmly  that  no  force 
can  extract  if  by  a direct  pull,  the  bristles  themselves  breaking  before 
the  hold  in  the  back  can  be  broken. 

The  material  to  be  worked  in  this  beautifully-iugenious  machine  is 
first  drawn  in  between  the  teeth  of  a comb.  A,  Fig.  183.  This  comb  is 
taken  out  of  the  machine  for  this  purpose,  and,  there  being  duplicate 
combs,  empty  ones  can  be  filled  while  the  machine  is  at  work,  so  that  it 
may  run  without  intermission.  The  comb,  when  jilaced  in  the  machine, 
slides  in  guide-ways,  being  actuated  by  a traverse  motion,  which,  as  fast 
as  one  space  is  emptied  of  its  material,  brings  another  up  to  the  mouth 
of  a twisted  channel,  B,  into  which  the  bristles  or  other  fibrous  material 
is  forced  by  a feed-movement  very  much  resembling  the  four-motion 
feed  on  sewing-machines,  the  teeth  of  which  engage  the  entire  rank  of 
fibers. 

The  office  of  the  twisted  channel  is  to  bring  the  rank  of  fibres  from 
the  vertical  into  the  horizontal  position.  In  this  position  it  reaches  the 
divider  C,  where  a portion  of  the. rank  of  fibres  is  comiiressed  by  a 
spring,  so  as  to  insure  the  proper  quantity  in  the  bunch  which  the 
divider  separates.  This  divider,  which  is  attached  to  and  forms  a part 
of  the  tube  which  carries  the  bunch,  has  imparted  to  it,  by  suitable 
mechanism,  a vertically-reciprocating  movement.  As  it  rises,  the 
peculiarly-shaped  iioiut  D separates  from  the  rank  of  bristles  enough 
to  form  a bunch,  and  as  the  separated  xmrtion  cannot  rise,  the  divider, 
in  its  further  upward  movement,  brings  the  bunch  down  along  the  in- 
clined way  or  channel  E to  the  bottom  F of  the  wayj  here  it  lies 
directly  under  the  doubling  and  twisting  plunger  G,  shown  in  details 
in  Figs.  185  and  186. 

The  plunger  G now  descends,  and,  engaging  the  bunch  in  a hollow 
in  its  lower  end,  forces  it  down  and  doubles  it  in  the  manner  shown  in 
Fig.  185. 

Meanwhile  the  wire  I,  Fig.  186,  has  been  drawn  off  and  straightened, 
lueparatory  to  being  thrust  through  a slot  in  the  plunger  at  H,  Fig.  185, 
and  between  the  ends  of  the  looped  bristles,  which  being  accomplished, 
it  is  cut  oft’  in  a short  length,  as  shown  in  Fig.  186. 

The  plunger  and  tube  now  descend  together  to  the  block,  carrying 
with  them  both  * bunch  and  wire.  On  the  interior  of  the  tube  is  cut 
a female  screw-head.  The  plunger  is  caused  to  turn  on  its  vertical  axis 
during  the  descent,  which  winds  the  wire  about  the  bunch  of  bristles  in 
the  form  of  a screw-thread,  as  shown  in  Fig.  186.  Continuing  the  same  • 
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Fig.  184. 
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rotating  movement  without  descending  farther,  it  then  screws  the  wire 
bunch  into  the  block  J,Fig.  183,  the  lower  cut  end  of  the  wire  plowing  a 
thread  in  the  holepthen  when  the  bunch  has  entered  to  a proper  depth, 
a slight  turn  of  the  plunger  in  the  reverse  direction  takes  the  twist  out 
of  the  bristles,  and  the  upper  cut-end  of  the  wire  engages  the  wood. 
The  plunger  is  then  withdrawn,  and  the  same  operation  is  gone  through 
with  a succeeding  bunch,  and  so  on,  till  all  the  holes  in  the  block  are 
filled.  * 

The  block  lies  on  its  back  on  a table  made  adjustable  to  any  angle, 
so  that  the  bunches  may  be  inserted  obliquely  as  required,  the  pitch  of 
the  table  being  regulated  by  the  notched  arc  M and  other  appliances, 
readily  manipulated  by  the  operator. 

While  one  bunch  is  being  inserted,  the  point  of  the  guide  K is  inserted 
into  the  next  suceeding  hole  by  the  operator,  and  as  soon  as  the  bunch 
is  inserted,  this  guide  automatically  draws  the  hole  with  which  it  is  en- 
gaged directly  under  the  plunger  to  receive  its  bunch,  accurately  center- 
ing it  and  obviating  the  possibility  of  mistake.  The  guide  then  releases 
itself  from  the  hole,  which  immediately  receives  its  bunch,  and  so  on,  till 
the  block  is  filled. 

Seventy-five  to  eighty  bunches  per  minute  is  said  to  be  an  easily  main- 
tained rate. 

The  machine  works,  as  stated,  tampico  and  all  other  vegetable  fibre 
used  for  filling  brushes,  as  well  as  bristles,  and  the  knots  or  bunches  are 
inserted  in  hard  rubber  with  the  same  facility  as  in  wood. 

An  ordinary  scrubbing-brush  block  can  be  filled  in  one  minute. 

291.  A collection  of  boot  and  shoe  machinery  exhibited  by  Horace  H. 
Bigelow,  of  Worcester,  Mass.,  and  by  the  Eeversible  Boot-Heel 
■Company,  of  Providence,  B.  I.,  was  hardly  less  ingenious,  and  attracted 
nearly  as  much  attention  as  the  pail  and  barrel  making  machinery 
already  described. 

The  accompanying  cuts  will  illustrate  the  machinery  used  by  the  Bige 
low  Heel  Compressing  and  Attaching  Company.  By  their  system  of  com 
pressing'heels,a  more  uniform,  solid,  and  perfectly  shaped  heel  is  claimed 
to  be  obtained  than  by  any  other  method  in  use. 

The  lifts  are  first  tacked  together,  after  which  they  are  placed  in  the 
machine  and  compressed  in  a mold  of  the  required  size.  Fig.  187  illus- 
trates the  heel-compressing  machine.  “Thus,’^  says  the  inventor,  ‘‘  the 
heel  is  made  thicker  by  being  compressed  on  the  sides,  gaining  thereby  a 
lift  on  each  heel.  Instead  of  wasting  the  stock  by  trimming  it  off:  it  is 
compressed  into  the  heel.  The  holes  are  made  in  the  heel  and  nails  set 
while  the  leather  is  under  pressure.  A better  heel  can  be  made  from  the 
same  stock,  with  either  pieced  or  whole  lifts,  than  by  any  other  process, 
while  at  the  same  time  the  heel  is  more  solid,  uniform,  and  durable.  It  is 
not  necessary  to  use  a rand  on  any  kind  of  boot  or  shoe  having  a low  shank. 
The  heel  being  concaved  sufficiently  in  the  machine  to  fit  on  the  shank, 
‘Uniformity  in  nailiug  is  secured.  A better  and  smoother  burnished  edge 
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cau  be  obtaiued.  Great  rapidity  in  its  operation  is  an  important  feature,* 
a man  can  put  on  with  a liammer  400  pairs  a day  of  compressed  heels, 
effecting  a great  saving  of  labor.  This  machine  compresses  1,500  pairs 
daily.”  The  compressing-machine  has  two  18-itich  pulleys,  4-inch  face 
each,  (tight  and  loose,)  and  runs  180  revolutions  per  minute. 


Fig.  189.  Fig.  190, 


Heels  iu  process  oi  construction. 


Fig.  188  is  the  attaching-machine,  which  is  used  to  heel  boots  and 
shoes  of  every  description,  either  nailed  or  blind-nailed.  This  machine 
puts  on  heels  more  uniformly  and  truer  than  can  be  done  by  hand,  with 
a remarkable  rapidity  of  oiieration,  and  effects  a great  saving  of  labor. 
It  has  the  merit  of  simplicity  iu  its  construction,  and  of  being  easily 
adjusted  to  heels  of  any  size.  The  heels  are  beveled  and  need  not  be 
smoothed  after  being  put  on.  One  man  can  heel  1,500  pairs  per  day. 
This  machine  has  two  18-inch  pulleys,  4-inch  face  each,  (tight  and  loose,) 
and  runs  180  revolutions  per  minute. 

Manufacturers  not  having  power  and  those  who  buy  their  heels  make 
a great  saving  by  using  the  compressed  heel.  They  are  rapidly  attache 
with  a hammer,  saving  labor  iu  heeling  and  trimming,  and  preserving 
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Fig.  193. — tiii^  juacliine. 
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the  uaiformity  and  solidity  of  the  heel,  producing  better  work,  and  at 
low  cost.  Figures  189,  199,  191,  and  192  represent  the  heel  in  various 
stages  of  construction,  from  the  blank  heel  to  that  ready  to  receive  the 
blind  topdift,  which  is  also  adjusted  by  the  attaching-machine. 

Fig.  193  represents  the  heel-cutting  machine,  which  is  adapted  for 
cutting  outsoles,  insoles,  heeling,  counters,  shanks,  &c.,  and  can  be  used 
with  dies  having  handles  or  without.  The  large  size  has  a 20-inch  cir-  ^ 
cular  revolving  block  j the  die  is  fastened  in  a chuck  over  the  block,  and 
can  be  moved  about  as  desired.  The  block  is  w’orn  evenly  by  the  con-  i 
stant  revolving  motion ; the  wear  is  taken  up  by  raising  the  screw  under 
the  machine.  The  small  machines  are  simple  in  construction,  and  can  j 
bo  operated  by  a boy  or  girl.  j 


Fio.  194. — Hwl-liliuy  iniicbiiie.  I 

Fig.  191  represents  the  heel-filing  machine,  which  has  an  arbor  pass-  t 
ing  through  the  cylinder,  and  on  each  end  of  the  shaft  an  emery-wheel  ^ 
14  inches  in  diameter.  The  heels  are  filed  on  the  face  of  the  wheels.  ; 


The  cylinder  has  a fan  inside  which  carries  away  the  dust. 

If  desired,  an  operator  can  work  on  each  end  of  the  machine. 

The  wheels  are  covered  with  glue  and  emery ; as  the  emery  wears  o 

another  covering  can  be  added,  and  so  continued. 

The  wheels  are  cleaned  by  soaking  in  water ; the  emery  is  save  an 

used  again. 

Figs.  195-199  represent  the  different  chucks  used  in  the  cut  mg 
machine.  Fig.  195  is  used  for  holding  a heel-die,  with  raised  han  e. 
When  the  die  is  filled  with  the  lifts,  the  operater  removes  them  from  tue 
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Fig.  195.  Fig.  196.  Fig.  197. 


Chucks  tor  cutting-nuichine.’ 


' 


Fig.  201. — Heel-hnilding  maclhue. 
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top.  Fig.  196  is  used  for  holding  a die  without  handle,  for  cutting  heel- 
lifts  or  shank-pieces.  The  pieces  are  removed  as  in  Fig.  105.  Fig.  197  is 
used  for  holding  a sole-die  without  handle.  The  die  has  a spring  to  throw 
out  the  sole  and  leave  it  on  the  cutting-block.  Fig.  198  is  used  for  sole- 
dies  with  or  without  handles,  the  die  passing  into  the  opening  in  the 
ohuck.  The  dies  for  this  chuck  are  not  attached  as  in  the  former,  and 
oan  be  changed  easily.  Fig.  199  is  used  for  handle-dies,  for  cutting 
heeling,  shanks,  or  soles.  The  die  for  this  chuck  is  attached. 


Fig.  202. — ^AdjuHtable  bcol-biiilding  luacbine. 


Fig.  200  illustrates  the  rand-turning  machine.  This  machine  is  very 
valuable,  in  connection  with  the  compressing-machine,  when  a rand  is 
used.  A good  rand  can  be, turned  at  the  rate  of  6,000  per  day. 

Fig.  201  represents  a heel-building  machine  with  jaws,  and  Fig.  202 
an  adjustable  heel-building  machine.  These  machines  are  well  adapted 
for  tacking  up  heels,  either  whole  or  pieced  lifts.  The  jaws  in  Fig.  201 
are  made  to  correspond  with  the  various  sizes  of  heels,  and  of  Fig.  202 
are  movable. 

Fig.  203  illnstrates  a machine  for  cutting  otf  rands,  and  is  used  in  con- 
nection with  the  compressing-machine. 

Fig.  204  is  a “jack^^  used  in  shaving  the  heels  off  smooth. 

292.  Tilghman’s  sand-blast  was  anxiously  looked  for  by  the  jury, 
but,  although  finally  set  at  work,  was  not  put  in  operation  until  after  . 
their  adjournment. 

The  sand-blast  process  has  attracted  more  attention  from  both  scien- 
tific men  and  mechanics  than  probably  any  contemporary  iuv^ention. 

It  was  first  exhibited  in  the  United  States  at  the  American  Institute 
Exhibition  of  1871,  and  a committee  of  judges,  consisting  of  three  gen- 
tlemen selected  from  among  our  most  distinguished  men  of  science, 
recommended  the  award  of  the  great  Medal  of  Honor  of  the  Institute. 

The  judges,  Messrs.  F.  A.  P.  Barnard,  president  of  Columbia  College,* 
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Alfred  M.  Mayer,  professor  of  physics  in  the  Stevens  Institute  of  Tech- 
nology, and  Henry  Morton,  president  of  the  latter  college,  reported  tha,t 
the  pTOcess  was  “designed  to  execute  ornamental  inscriptions  in  intaglio 
or  relief;  or  complete  perforations  in  any  kind  of  stone,  glass,  and  other 
hard  and  brittle  substances ; or  to  cut  deep  grooves  in  natural  rocks,  in 
order  to  facilitate  the  process  of  quarrjung;  or  to  make  circular  iucisions 
around  the  central  mass  of  rock  in  the  process  of  tunneling;  or  to  remove 
slag,  scale,  and  sand  from  the  surfaces  of  metal-castings;  or  to  clear  the 
interior  surfaces  of  boilers  or  boiler-tubes  of  incrustations ; or  to  cut 


Fig.  203. — Machine  for  cutting  rands.  Fig.  204. — Jack  for  shaving  heels. 


ornaments  or  types  from  wood  as  well  as  stone ; or  to  depolish  the  sur- 
face of  glass,  producing,  by  the  use  of  stencils  or  other  partial  protec- 
tections,  such  as  the  bichromatized  gelatine  of  photographic  negatives, 
every  variety  of  beautiful  figures,  including  copies  of  the  finest  laces 
and  the  most  delicate  line-engravings;  or  to  prepare  copper  plates  in 
relief  for  printing,  by  making  gelatine  photographic  pictures  upon  smooth 
surfaces  of  resin  or  pitch,  cutting  them  out  by  the  blast  and  afterward 
molding  from  them  and  electrotyping  the  molds. 

“ This  process  is  without  precedent. 

• ****** 

“The  utility  of  this  invention  is  apparent  in  the  statement  above 
given  of  the  processes  to  which  it  is  applicable.  It  is  regarded  by  the 
judges  as  being  one  of  the  most  remarkable  and  valuable  inventions 
which  the  age  has  produced. 
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“Considering,  therefore,  the  great  originality,  importance,  and  value 
of  this  process,  and  the  groat  variety  and  diversity  of  applications,  both 
useful  and  ornamental,  of  which  it  is  capable,  the  judges  unanimously 
recommend  that  the  great  Medal  of  Honor  of  the  Institute  be  conferred 
upon  the  ingenious  inventor,  as  a well-merited  distinction.’^ 

Professor  Egleston,  experimenting  upon  the  effect  of  the  sand-blast 
on  harder  materials  than  the  sand  itself,  found  the  following  as  the  loss 
of  weight  and  the  time  required  to  produce  it : 


Material. 


Corandum 

Emery 

Topaz  . 

Topaz,  (pebble) 
Black  diamoud 

Do 

Do 


Weight. 

Loss. 

Time. 

Grains. 

Orains. 

Min. 

1. 49000 

1. 16979 

16.  65000 

4. 9532 

1 

2.  0970 

1.9707 

1 

9.  774 

2. 1499 

1 

1. 2607 

. 0372 

3 

1.  2235 

.0497 

5 

1.  2607 

.0869 

8 

The  emery  contained  some  iron-ore. 

A “jet  of  sand”  impelled  by  steam  of  moderate  pressure,  or  even  by 
the  blast  of  an  ordinary  fan,  depolishes  glass  in  a few  seconds ; wood 
is  cut  quite  rapidly;  metals  are  given  the  so-called  “ frosted”  surface 
with  great  rapidity.  With  a jet  issuing  from  under  300  pounds  pressure, 
a hole  was  cut  through  a piece  of  corundum,  inches  thick,  in  25 
minutes.  Etching  on  glass  is  beautifully  done. 

The  fracture  of  a hard  body  like  diamond  by  a comparatively  soft  body 
like  sand  seems,  at  first  thought,  very  remarkable ; yet,  it  is  daily  par- 
alleled in  oi'dinary  experience,  and  is  illustrated  most  strikingly  by  the 
fact  that  “water  continually  dropping  will  wear  away  a stone.” 

Prof.  Osborne  Reynolds  was  the  first  to  publish  an  analytical  investi- 
gation* of  the  principles  involved  in  this  machine,  t 


• Philosophical  Magazine,  Fourth  Series,  Vol.  4C,  No.  307,  p.  337. 
t The  following  is  the  basis  of  the  analysis  ; At  the  time  of  impact  the  pressure  is 
independent  of  the  magnitude  of  the  masses,  and  is  determined  by  their  density  and 
hardness.  The  character  and  mode  of  action  of  the  surface-particles,  and  not  of  the 
whole  mass,  determines,  at  very  high  velocities,  the  effect  of  impact.  Then,  if 
V = the  velocity  of  surface-particles  of  a body  ; 
k =:  its  modulus  elasticity  ; 

d = the  “ heaviness,”  i.  the  weight  per  cubic  foot ; 
p = pressure  atyontact  iu  pounds  per  square  foot ; • 


For,  if  represent  the  original  distance  of  a surface  point  of  impact 
point,  P,  within  the  mass,  and  x — f its  distance  after  a time,  t, 


from  a given 


d ^ d p 

g d P d X 


and  p — — 


li- 

dx  ’ 


hence. 
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293.  The  WEST“iTRE-SETTER  (Fig.  205,  page  320,)  was  exhibited  by  the 
Mowry  Axle  aud  Machine  Company,  and  was  one  of  the  most  striking 
novelties  seen,  even  in  the  United  States  section. 

It  consists  of  a strap  made  up  of  several  thicknesses  of  thin  steel,  and 
capable  of  being  “ set  up”  by  a very  powerful  screw  worked  by  a belt. 
A wagon-wheel  placed  within  this  ring  or  strap,  with  its  tire  perfectly 
loose,  was  clasped  by  it,  and  a few  turns  of  the  screw  drew  the  strap  so 
tight  as  to  “ upset  ” the  tire,  although  perfectly  cold,  securing  it  more 
firmly  thah  it  would  have  been  if  shrunk  on  in  the  usual  way,  and  pro- 
ducing, at  the  same  time,  any  desired  dishing  of  the  wheel.  It  worked 
very  finely. 

The  avoidance  of  the  usual  injury  to  the  wheel  by  burning,  and  of  the 
consequent  insecurity  of  hold  due  to  this  injury  of  the  surface  of  the 
wood  where  in  contact  with  the  tire,  are  important  and  evident  advan- 
tages due  to  the  use  of  this  machine.  It  was  considered  one  of  the  best 
tools  exhibited. 

294.  Samuel  A.  Miller  exhibited  a rough  but  effective  little  machine 
for  bending  stove  pipe  elbows,  which  particularly  interested  several 
members  of  the  jury. 


When  x = 0 


then 


If 


® = velocity  of  impact ; 

V = elasticity  of  the  second  body ; 
= density  of  the  second  body; 


and,  when  the  material  is  the  same, 


If  they  were  of  different  materials, 


^9 


2 


In  the  case  of  liquid  impact^ 


w. 
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It  consisted  of  a pair  of  sets  of  clamps  which  seized  the  pipe,  and 
turning  on  horizontal  axes,  forced  it  to  bend  at  each  operation  through 
a small  angle.  The  pipe  was  then  released  and  a new  hold  taken  at  a 
point  a little  farther  along,  and  the  operation  repeated  until  the  pipe  had 
been  given  the  required  bend. 


Fig,  205. — West’s  tire-setter. 


Albin  VVarth  exhibited  in  the  United  States  section  a machine  for 
cutting  cloth,  which  seemed  remarkably  well  adapted  lor  cutting  out 
clothing  for  makers  of  “ ready-made”  stock  or  for  use  wherever  large 
quantities  of  cloth  are  to  be  cut. 

It  consisted  of  a knife  rising  and  falling  with  a rapid  reciprocating 


In  illustration,  glass  striking  upon  glass,  and 


d = = 150 

4=  1,1.52,000,000 
p = 1,440,000; 

8 X 1,440,000  . ..  ^ . 

.2/i  leet  per  second, 


Vl50  X 1,152,000,000 


which  would  just  crush  the  surface,  and,  as  Professor  Reynolds  notes,  corroborates  the 
statement  that  a pressure  of  blast  of  4 inches  of  water  is  sufficient  to  produce  cutting 
on  glass. 

For  solids, 

^ A ^^9' 

in  which  the  last  quantity  in  the  second  ineuiber  of  equation  has  no  effect,  as  it  is 
equilibrated  by  the  inertia  of  the  surface-particles. 

Using  lead, 

</‘=712 

X'  =720,000  X 144 


but  the  maximum  resistance  by  lead  to  crushing  only  reaches  576,000,  and  this  value 
is  taken  for  Then  u =250  and  v = 30,  nearly,  indicating  that  it  requires  eight  times 
as  much  velocity  to  abrade  glass  with  lead  as  with  glass. 
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motion,  its  inclined  edge  cutting  the  cloth  with  the  same  action  as  is 
obtained  with  ordinary  shears.  The  cloth,  single  or  in  many  thick- 
nesses, was  drawn  against  this  knife,  the  operator  following  the  line 
marked  on  its  surface  with  the  cutter’s  chalk. 

In  a later  moditication  the  device  is  made  even  more  convenient  and 
more  rapid  in  its  operation.  The  knife  and  its  stand  are  made  very 
light,  and  mounted  on  a broad  base,  which  is  moved  about  on  the  table 
in  any  direction  almost  as  readily  as  the  cutter’s  shears.  Motion  is  com- 
municated to  the  knife  by  round  belting  carried  along  a simple  and 
ingenious  combination  of  link-work,  which  accommodates  itself  to  a wide 
range  of  traverse  of  the  knife.  Cutting  a dozen  thicknesses  of  heavy 
woolen  goods  with  much  less  effort  on  the  part  of  the  workman  than  is 
ordinarily  demanded  in  cutting  a single  thickness  with  shears,  and 
working  with  vastly  greater  rapidity,  this  neat  little  device  accom- 
plishes a most  important  advance  in  its  department. 

The  measuring-instruments  of  Messrs.  DarlinGt,  Browne  & Sharpe 
were  among  the  finest  of  all  exhibits  of  accurate  workmanship  and  tine 
finish.  They  exhibited  a very  complete  assortment  of  their  rules,  gauges, 
and  other  instruments.  They  have  no  rivals  at  home  or  abroad  in  the 
manufacture  of  the  finer  classes  of  mechanics’  measuring-tools. 

The  Morse  Twist-Brill  Company  exhibited  their  beautiful  tools. 
These  neat  instruments  are  now  considered  as  essential  to  good  work  in 
every  machine-shop  in  the  United  States,  and  are  gradually  finding  their 
way  into  European  workshops. 

295.  A very  interesting  and  valuable  invention  was  exhibited  in  the 
British  section  by  George  L.  Scott.  This  was  the  Scott  gear-wheel- 
molding-machine, illustrated  in  the  accompanying  engraving,  Fig.  206, 
which  is  furnished  by  the  agents  in  the  United  States. 

It  consists  of  a strong  column  mounted  upon  a base-plate,  wliich  lat- 
ter is  imbedded  in  the  sand  below  the  matrix  of  the  mold  to  be  made. 
The  column  carries  a cross-head  which  can  be  turned  in  the  horizontal 
lilaue  by  the  worm  and  gear  seen  at  the  top.  A handle  seen  at  the  ex- 
treme right  turns  a series  of  change-wheels,  by  means  of  which  the  arc 
through  which  the  arm  swings  may  be  made  any  desired  fractional  part 
of  the  circle,  as  in  that  more  familiar  machine,  the  gear  cutter.  ^ 

At  the  extremity  of  this  arm  or  cross-head  is  a vertical  bar,  which 
may  be  convenieutly  elevated  or  depressed  by  a handily-arranged  worm- 


wheel. 

It  may  also  be  carried  inward  toward  the  column,  or  outward,  as  may 
be  desired,  by  a screw  which  is  moved  by  a hand-wheel,  seen  at  the 
extreme  left. 

On  this  vertical  bar,  at  the  lower  end,  is  a plate,  to  which  may  be 
secured  the  patterns — two  teeth  such  as  it  is  iiroposed  to  use. in  the 
wheel  to  be  made. 

• The  method  of  operation  is  as  follows  : 

The  i>4itteru  of  the  teeth  being  properly  secured  to  the  foot  of  the  sliding 
2i  MA 
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vertical  bar,  the  latter  is  adjusted  liorizoiitally  until  the  pitch  lino  on  the 
teeth  comes  precisely  to  the  proper  distance  from  the  center  of  the  niaiu 
column,  and  thus  swings  in  the  pitch-circle.  The  bed  is  properly  prepared 
by  smoothing  it  up  at  the  level  of  the  lower  edge  of  the  i)roposed  rim  of  the 
casting,  seen  in  the  illust, ration.  The  bar  carrying  the  pattern  is  next 
lowered  until  the  lower  end  of  the  latter  touches  the  bed.  Tlie  two  teeth 
then  are  in  position,  and  the  intervening  space  is  molded  and  the  ends 
of  the  teeth  make  their  impress.  Raising  the  bar  until  the  pattern 
clears  the  sand,  the  inolder  next  turns  the  handle  until  the  index-wheel 
has  thrown  the  cross-head  through  an  arc  corres]>ouding  with  the  pitch, 
and  the  bar  then  being  dropiied,  one  tooth  falls  into  the  space  between 
a tooth  already  molded  and  its  neighbor.  The  next  tooth  is  then 
formed,  and  the  process  continuiiig,  the  whole  rim  is  hnally  completed. 
Tlie  machine  is  then  removed,  and  the  wheel  center  and  arms  are 
molded  in  the  usual  way,  and  the  casting  is  made. 

The  rapidity  and  exactness  with  which  this  machine  can  be  made  to 
do  its  work  are  quite  remarkable,  and  it  will  undoubtedly  find  its  way 
into  use  very  rapidly.  It  is  already  introduced  into  the  United  States 
by  the  New  York  Molding-Machine  Oomtany. 

The  great  advantages  offered  by  the  use  of  such  a machine,  aside  from 
the  efiiciency  of  the  a])paratu8  itself,  are  the  saving  effected  in  cost  of 
the  exceedingly  nice' work  of  making  the  patterns  of  the  wheel-teeth; 
the  avoidance  of  the  taper  required  iu  making  the  ordinary  pattern  so 
as  to  .“draw well;  the  retention  of  the  liard  chilled  “crust”  of  the 
metal,  wdiicli  is  far  more  durable  than  the  finished  surface  of  ordinary 
teeth  wliicli  have  necessarily  been  “cut’^  to  obtain  the  desired  accuracy 
of  form,  and  the  avoidance  of  tlie  risk  and  damage  usually  incurred  from 
the  working  of  patterns  under  the  varying  hygrometric  conditions  of 
the  atmosphere. 

Hall’s  bench-vise,  described  in  art.  260,  properly  belongs  in  this  class 
of  miscellaneous  exhibits  of  machine-tools. 

206.  Messrs.  Jones  & Loughlins  exhibited  their  cold  rolled  shafting. 
This  process  is  shown,  by  experiments  of  Major  Wade,  the  late  Chief 
Engineer  Whip[)le,  United  States  Navy,  William  Eairbairn,  and  other 
authorities,  to  give  an  immense  increase  of  strength  and  elasticity  and  a 
considerable  increase  of  hardness. 

The  experiments  of  the  writer  have  shown  this  to  be  accompanied  hyi 
and  to  be  perhaps  due  to,  a singular  elevation  of  the  elastic  limit  ot  the 
material.* 

• Tlie  following  is  Fairbairii’s  tabular  statement,  followed  by  others  not 
less  interesting  and  instructive  : 

* See  Transact  ions  Ainericau  H.icicty  o!  Civil  Eiij;iiieers,  1874  ; Journal  ol  Iiauklio 
Institute,  1874  ; Van  NostratnPa  Eclectic  Engineering  ^tagazine,  1874,  Ac. 
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EXPERIMENTS  ON  THE  INCREASE  OF  COHESIVE  STRENGTH  IN  COLD- 

ROLLED  IRON. 

Made  William  Fairhairn,  Maachesfcr,  England. 


Condition  of  bar. 

Tensile  strength 
per  square  inch. 

Cm 

c 

9 * 

“ ja 
ee  u 
it  = 
a-' 

S 

-•  1. 

R 

tLS 

a a 

a J fcio* 
r ®-rS. 

Black  bar  from  rolls 

Founds. 
60.  746 

Tons. 

27, 119 

Inches. 

2.20 

1,037 

Bar  turned  down  to  1 inch  diameter 

58.  62cj 

26, 173 

2.00 

1,  000 

Bar  rolled  cold  to  1 inch  diameter. 

88, 230 

39.  388 

0.  79 

1,  50.5 

REPORT  OF  CO:>OIITTEE  OF  ’THE  FRANKLIN  INSTITUTE,  PHILADELPHIA. 

Tensile  strength. 

Sample  ^^*0. 1,  inferior  quality,  broke  at- -49,510  pounds  per  square  inch. 

Same  bar  polished  and  condensed 66,862  pounds  per  square  inch. 

Sample  No.  2,  broke  at 57,350  pounds  i)er  square  inch. 

Same  bar  polished  and  condensed -92,623  pounds  per  square  inch. 


35,273 ; increase,  .61. 

Torsional  strength. 

Sample  No.  3,  diameter,  twisted  at  a strain  of  587 J pounds  on  a 
lever  25  inches  long. 

Same  bar  polished  and  condensed,  IJ  in  diameter,  twisted  at  a strain 
of  1,000  pounds  on  a lever  25  inches  long.  Increase,  413 J pounds  = .97. 


REPORT  OF  MAJOR  WM.  WADE,  IT.  S.  A. 

Average  resvifa  obtained  from  numerous  experiments  made  with  bar-iron  rolled  while  hot,  in 
usual  manner,  compared  with  the  results  obtained  from  the  same  Icinds  of  iron  rolled  and 
polished  while  coll,  bg  LauUCa  patent  process. 


Tuansv  eusk. — Bars  supported  at  both  ends ; load  applied  in  tbe  mid- 
dle ; distance  between  the  supports,  30  inches. 

Weight  which  gives  a permanent  set  of  one-tenth  of  an  inch,  viz : 

inch  square  bars 

lUmnd  bars,  2 inches  diameter 

Roimd  bar^  2J  inches  diameter 

Torsion. — Weight  wliich  givcJi  a permanent  set  of  1 degree  ap- 
plied at  25  inches  from  center  of  bars. 

Round  bars,  If  inches  diameter  and  U inches  between  tbe  clamps 

COMi’RRseiON. — Weight  which  gives  a depression  and  a permanent 
set  of  one-hundredth  of  an  inch  to  colamns  inches  long  and  | 

inch  diameter - 

Weight  which  bends  and  gives  a permanent  set  to  columns  8 inches 
long  and  I inch  diameter,  viz : 

Puddled  iron 

Charcoal  bloom  iron 

Tension. — Weight  per  square  inch  which  caused  rods  J inch  di- 
ameter to  stretch  and  tako  a permanent  set.  viz  : 

Puddled  iron 

Charcoal  bloom-iron.- 

Weight  per  square  inch  at  w'hich  the  same  rods  bixjke,  viz : 

Puddled  iron 

C 1 1 ai'coal  bloom-i  ron ] 

IIari>nkss, — Weight  required  to  produce  equal  indentations 


Iron  rolled 
while — 

A 

•"  — .5 

= s’! 

X»  ^ 

O 

c«  . , 

M ** 

ffh  ^ 30 

?•  :d 

Hot. 

Cold. 

'Ill 

? 

&.I-I 

.3. 100 
5. 200 
6, 800 

10,  700 

11,  100 
15,  600 

3.  451 

2. 134 

2,  294 

1 162J 

750 

1,  725 

2,300 

130 

13,  000 

34,  000 

2,615 

161i 

21,000 
20,  500 

31,  000 
37,  000 

1,  476 
1,  804 

1 64 

37,  250 
42,  439 

68.  427 
87, 396 

1,  837 

2,  059 

^ 95 

83  1.56 

1 401 

) 

50,  927 
5,000 

99]  203 
7, 500 

1,  950 
1,500 

} 

50 

' made  by  equal  weights  iu  the  center  and  near  the  edges  of  the  freshly  cut  ends 

o the  bars  were  equal,  showing  that  the  iron  was  as  hard  in  the  center  of  the  bars  as  elsewhere  IThis 
lact  accoi^s  with  the  statement  that  the  density  of  the  metal  is  not  appreciably  cUau.red  by  this  i>ro- 

CCi38,“— Xv.  Ha  X«)  o J M 
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207.  The  metliod  of  manufacture  couaiats  in  first  reducing  the  bars  in 
the  ordinary  manner  to  a size  exceeding  by  an  eighth  of  an  inch  or  less 
that  to  wliich  they  are  to  be  finished.  They  are  next  allowed  to  cool, 
and  are  immersed  in  a bath  of  dilute  acid,  by  which  the  exterior  coating 
of  oxide  is  removed.  They  are  then  washed  and  sent  tothecold-rollin<y 

O 

mill.  The  rolls  are  very  strongly  built,  and  are  finished  with  great 
accuracy,  and  given  a very  fine  surface.  The  bars  are  passed  through 
the  rolls  several  times  until  they  are  brought  precisely  to  gauge.  They 
are  turned  over  at  each  pass,  and,  when  finished,  have  all  the  accuracy  of 
size  that  could  possibly  be  given  by  turning  j they  are  at  the  same  time 
thoroughlj^  burnished. 

> 

The  demand  for  cold-rolled  metal  is  quite  large.  It  is  used  principally 
for  shafting  and  for  finger-bars  for  mowing-machines. 

This  process  of  cold-rolling  has  been  long  known  to  have  a remarka- 
ble effect  in  stilfening  and  strengthening  some  of  the  metals.  Cold- 
hammering,  which  is  similar  in  its  effect,  has  been  practiced  by  black- 
smiths from  an  early  date,  when  they  desired  to  produce  stiffness  iu  a 
j)iece  of  iron.  AVire-drawing  has  always  been  found  to  hardeu  and 
stiffen  the  metal,  making  it  necessary  to  anneal  the  wire  betweeu  suc- 
(fessive  operations. 

2JKS.  A similar  effect  is  produced  upon  some  of  the  alloys.  Mr.  S.  B 
Dean,  of  Boston,  Mass.,  was  engaged  fifteen  years  ago  in  experiments 
upon  the  strengthening  and  hardening  of  bronze  for  guns  by  a somewhat 
similar  method.  He  succeeded  iu  increasing  the  density  from  8.3  to  8.5 
iu  some  cases,  and  augmented  the  strength  fifty  percent.,  obtaining  a 
metal  capable  of  resisting  a tensile  stress  of  above  10,000  pounds  per 
square  incb. 

More  recently  General  Uchatius,  the  director  of  the  arsenal  at 
Vienna,  has  been  experimenting  in  the  same  direction.  Since  the  I'e- 
turu  of  the  writer  to  the  United  States,  that  officer  has  furnished  him  a 
description  of  the  process  and  results,  of  which  the  following  may  serve 
as  an  abstract.* 

290.  Ordinary  bronze  for  gnus  is  an  alloy,  consisting  of  about  90  parts, 
by  weight,  of  copper,  and  10  parts  of  tin.  Since  the  atomic  weight  of 
copper  is  03.4,  and  that  of  tin  118,  the  above  proportions  of  the  alloy 
correspond  to  a combination  of  1 equivalent  of  tin  with  17  equivalents 
of  coi)per.  It  becomes,  however,  more  exact,  if  we  take  90.6  parts,  by 
weight,  of  copper,  and  9.8  parts  of  tin.  But  ex])eriment  shows  us  that 
it  is  questionable  whether  tliese  two  metals  form  a chemical  componud 
iu  these  atomic  proimrtions.  AVhen  large  melted  masses  of  this  alloy 
solidify,  it  becomes  evident  that  an  alloy  which  is  poorer  in  tin  begins 
to  crystallize  first  where  it  touches  the  mold,  its  compositiou  being 
about  92  parts,  by  weight,  of  copper,  and  8 parts  of  tin,  or  1 equiva- 
lent of  tin  to  21  equivalents  of  copper  : while  an  alloy  richer  in  tin  is 

* Col.  T.  T.  S.  LaiUley  has  furnished  to  the  Army  Orduauco  Bureau  a translation  of 
a lecture  upon  the  same  subject  by  General  Uchatius.  (See  Ordnance  Notes,  No.  XL.) 
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pressed  from  tbe  former,  and  solidifies  last.  This  latter  alloy,  theu, 
forms  in  the  iuside  of  the  casting:,  and  also  enters  the  cracks  which 
sometimes  form  in  the  outer  wall. 

This  behavior  in  fusion  of  alloys  rich  in  tin  was  also  noticed  in  the 
numerous  researches  on  alloys  of  copper  and  tin  made  by  Alfred  Iliche, 
and  published  in  the  ^^Annales  de  Chimle  et  de  Physique,'^'  tome  30.  ^I. 

Eiche  noticed  that  all  alloys  of  copper  and  tin,  except  those  whose 
compositions  correspond  to  the  formulas  Sn  CU3  and  Sn  Cus,  undergo  a 
refusion  at  the  moment  of  solidification.  An  alloy  richer  in  tin  is 
separated,  so  that  different  compounds  are  to  be  found  at  different  points 
in  the  casting.  When  the  «alloy  consists  of  tin  and  copper  in  the  pro- 
portion of  1 to  5,  this  refusion  occurs  to  but  a slight  extent,  but 
when  the  composition  is  dififerent  it  becomes  a very  serious  matter. 
Even  the  property  of  the  tin  of  oxidizing  easily  seems  to  exhibit  itself 
in  this  case,  as  it  diminishes  the  chemical  affinity  of  the  metals  still 
further,  and  thereby  assists  their  separation. 

As  a proof  of  the  occurrence  of  these  conditions  in  alloy,  we  may  men- 
tion that  rich  bronze,  of  a very  homogeneous  character,  is  always  found 
in  the  smaller  parts  of  bronze  castings;  for  example,  in  the  cascabel  or  in 
the  trunnions  of  a gun.  This  bronze  contains  about  8 per  cent,  of  tin, 
while  the  body  of  the  gun  is  penetrated  by  thin  sheets  of  tin.  An  8-iuch 
tube  was  made  at  the  Eoyal  Imperial  arsenal,  for  which  28,000  kilo- 
grams (01,600  pounds)  of  metal  were  employed  at  once.  The  great- 
est diameter  of  this  casting  was  about  0.84  meter,  and  the  proportion 
ot  tin  at  this  part  was  8 per  cent,  on  the  outside  and  12  per  cent,  on  the 
iuside. 

The  reason  why  bronze  with  8 per  cent,  of  tin  has  not  yet  been 
employed  for  guns  is  that  its  wear  is  greater  than  even  that  of  10-per- 
cent. bronze.  “Gun-metal”  has  long  been  employed  because  of  its 
great  tenacity  and  consequent  safety,  and  also  because  it  has  the  advan- 
tage of  cheapness  and  ease  in  working.  Its  strength  has  satisfied  the 
demand  nearly  up  to  the  present  time,  and  it  has,  therefore,  been  re- 
tained in  the  manufacture  of  field-pieces,  iu  spite  of  its  tendency  to  bulge 
and  to  burn  out.  Modern  requirements,  however,  will  no  longer  permit 
its  application  as  formerly. 

From  an  accompanying  table  of  properties  of  types  of  gun-bronze,  we. 
find  tliose  of  ordinary  gim-bronze,  as  compared  with  Krupp’s  steel  for 
guns,  to  be — 


Bronze. 

steel. 

Tt‘n!u:itv.. 

2.260  kib)<rranig  per  square  centi- 
meter, (32,092  pounds  per  square 
inch.) 

400  kilograms  per  square  centi- 
meter, (5,080  pounds  per  square 
inch.) 

15  per  cent 

4,800  kilograms,  (68, 160  pounds.) 

900  kilograms,  (12,78#  pounds.) 

21.4  per  cent. 

10.5  millimeters,  (.42  inch.) 

Klastic  resiutanc^ 

Ext<MiHioti  when  broken.. 

JlanliiosB,  (depth  of  indenture) 

12.5  inillimetera,  (J  inch) 
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AYe  see  that  the  tenacity  as  well  as  the  limit  of  elasticity  of  cast- 
steel  is  almost  twice  as  great  as  that  of  ordinary  bronze,  which  has  even 

less  ductility  than  steel.  If  the  properties  of  bronze  could  not  be  fur- 
ther improved — wrought  iron  being  unreliable  as  gun-metal— we  would 
necessarily  be  compelled  to  accept  steel.  But,  fortunately,  new  wants 
are  generally  supplied  in  time  by  the  progress  of  science  and  art. 

300.  We  may  next  consider  a new  modification  of  gun-bronze,  which 
is  much  superior  to  ordinary  gun-bronze,  according  to  the  annexed 
table  of  gun-metals,  and  for  which  General  You  Uchatius  has  pro- 
posed the  name  steel-bronze,”  on  account  of  the  resemblance  of  its 
properties  to  those  of  cast-steel. 

If,  instead  of  employing  sand,  we  used  iron  chills  of  a corresponding 
thickness  of  material,  the  i)rocess  of  solidification  takes  place  with  such 
rapidity  that  the  alloy  rich  in  tin  cannot  separate,  and  the  bronze  be- 
comes perfectly  homogeneous. 

The  quality  of  this  homogeneous  bronze  is  given  in  the  typical  table 
of  gun-metals  under  the  head  of  “ Gliilled-bronze,  natural.” 

The  absolute  strength  rose  to  3,050  kilograms,  (43,310  pounds  per 
square  inch,)  the  elastic  limit  remained  at  400  kilograms,  the  hard- 
jjess  (depth  of  indenture)  at  12.5  millimeters,  (.5  inch,)  while  the  ainouut 
of  stretch  before  breaking,  or  the  ductility  of  the  material,  rose  to  40 
per  cent.  These  improvements  in  the  quality  of  bronze  are  a step  for- 
ward ill  bronze-casting,  but  it  is,  nevertheless,  not  sufficient  to  satisfy 
modern  requirements.  A gun-barrel  cast  in  this  manner  w’ould  not 
burst,  for  the  ductility  of  the  material  at  40  per  cent,  is  enormous,  bat 
it  would  not  be  capable  of  resisting  the  pressure  of  the  gasj  aud,  since 
the  elasticity  is  not  greater  than  with  ordinary  bronze,  the  gun-barrel 
would  bulge  out.  The  lianlncss  also  remained  unchanged,  and  it  is 
therefore  not  enough  to  cut  the  grooves  in  the  sabots  of  the  shot. 

301.  GeiienvJ  Yon  LTchatius  next  tried  to  roll  a piece  of  the  chilled 
bronze  cold.  This  could  be  done  (piite  well,  altUough  considerable  power 
was  necessary.  Notthe  slightest  crack  was  produced, even  when  stretched 
to  the  amount  of  100  per  cent,  of  its  original  length.  When  the  bronze 
had  stretched  20  per  cent.,  it  attained  the  strength,  liardiiess,  and  elas- 
ticity of  steel,  as  can  be  seen  from  his  table  of  gun-inetals,  under  the 
heading  of  “Chilled  bronze,  rolled.”  The  uiimbers  are  as  follows; 

Tiie  tenacity,  5,006  kilograms  per  square  centimeter,  (71,937  pounds 
l)er  square  inch.) 

The  elastic  resistance,  1,700  kilograms  per  square  centimeter,  (24,140 


pounds  per  square  inch.) 

The  liardiiess,  (depth  of  indenture,)  10.2  millimeters,  (.41  inch.) 

It  is  evident  that  if  tliis  characteristic  of  chilled  bronze,  ot  assuming 
the  properties  of  steel  when  rolled,  could  be  employed  on  the  inner 
surface  of  guii-barrels,  the  process  would  be  of  great  value.  By  exam- 
ining the  table  of  gun-metals,  lie  remarks  the  peculiarity  that  all  tough 
metals  assume  a much  higher  elasticity  when  they  are  stretched  beyond 
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their  elastic  limit.*  For,  when  a substance  is  permanently  changed  by 
exterior  forces,  its  molecules  have  been,  at  least  partially,  pushed  be- 

* This  fiict  was  noted  by  the  writer  in  1873,  immediately  after  returning  from  Vienna, 
and  announced  to  the  American  Society  of  Civil  Engineers  in  the  following  note,  pub- 
lished in  the  Transactions,  1873 : 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

A note  on  the  rcaietance  of  materials,  hy  Prof.  Bohert  H.  Thurston,  member  of  the  society, 

read  at  the  regular  meeting,  Xovember  19,  1873. 

On  the  I3th  ultimo  an  apparatus  for  determining  the  torsional  resistance  of  mate- 
rials, which  I had  designed  for  use  in  illustration  of  my  course  of  instruction,  and  to 
which  I had  fitted  an  automatic  recording-attachment,  was  exhibited  to  the  National 
Academy  of  Science,  at  the  late  session  held  at  this  place,  for  the  purpose  of  showing 
the  peculiar  a<laptabilily  of  the  machine  for  the  determination  and  analysis  of  the 
action  of  physical  and  molecular  forces  in  resisting  stress,  and  to  illustrate  the  bearing 
of  experiments  already  made  upon  scientific  investigations  of  molecular  relations. 

At  the  close  of  the  meeting  a test-piece  of  wrought  iron  was  left  in  the  machine, 
exposed  to  a strain  which  had  passed  the  limit  of  elasticity,  and  with  a distortion  of 
45'^,  the  intention  being  to  determine  whether,  as  has  been  suspected  by  some  writers 
and  by  many  engineers,  ‘■viscosity”  is  a property  of  solids,  whether  a “ flow  of  solids”* 
could  occur  under  long-continued  strain  just  equilibrating,  when  first  applied,  the 
resisting  power  of  the  material,  or  whether  the  “polarity”  of  Professor  Henry  is  an 
absolutely  un relaxing  force. 

The  metal  was  left  under  strain  twenty-four  hours,  and  had  not  then  yielded  in  the 
slightest  ilegree.  This  result,  and  the  results  of  other  similar  experiments  since  made 
confirming  it,  indicate  that  metal  strained  far  beyond  tbe  limit  of  elasticity,  as  abov^e 
described,  does  not  lose  its  power  of  resisting  uiiintennitted  static  stress. 

The  important  bearing  of  this  fact  upon  the  availability  of  iron,  and  of  steel,  which 
also  behaves  similarly,  for  use  in  constructious  exposed  to  severe  strains,  is  readily 
seen. 

After  noting  the  result  obtained  as  stated,  it  was  attempted  to  still  further  distort 
the  test-piece,  when  the  unex[)e.cted  discovery  was  made  that  its  resisting  power  was 
greater  than  when  left  the  previous  day,  an  increase  of  resistance  being  recorded 
amounting  to  about  25  per  cent,  of  the  maximum  registered  the  preceding  day,  and 
approximating  closely  to  the  ultimate  resistance  of  the  material.  Repeated  experi- 
ments, coutinued  up  to  the  date  of  writing,  confirm  the  following  previously  undeui- 
onstrateU  principle,  that  iron  and  steel,  if  strained  beyond  the  limit  of  elasticity  and 
left  under  the  action  of  the  distortiug  force  which  has  been  found  just  capable  of 
equilibrating  their  power  of  resistance,  gain  resisting  power  to  a degree  which  bas  a 
limit  in  amount,  approximating  closely,  if  not  coinciding  with,  the  ultimate  resistance 
of  the  material,  and  which  had  a limit,  as  to  time,  in  experiments  hitherto  made,  of 
three  or  four  days. 

Releasing  the  piece  entirely  and  again  submitting  it  to  the  same  force  immediately 
does  not  produce  this  strengthening  action. 

There  is  some  evidence,  that  is  confirmed  by  theoretical  dynamic  principles,  that  the 
increase  of  strength  noted  is  not  accompanied  by  a change  of  resilience,  but  that  the 
gain  of  resisting  power  is  at  the  expense  of  a proportional  amount  of  ductility. 

The  diagrams  obtained  during  this  research  will  be  presented  at  a future  time,  when 
the  iuvestigation  shall  have  beeu  completed. 

The  interest  and  importauce  attaching  to  the  discovery  of  the  principles  above  enun- 
ciated, to  our  profession  as  well  as  to  science,  will,  I hope,  justify  the  presentation  of 
this  note. 

* Mon.  U.  Tresca : Sur  i ficoulenjent  ties  Corps  Solides.  Paris,  1869-”J2. 
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yoiid  the  limit  of  tlieir  stability,  and  have  assumed  now  and  more  or 
less  stable  i)ositions.  Tlie  change  in  the  positions  of  the  molecules  con- 
sists of  a constant  and  a temporary  part,  which  latter  belongs  to  the 
elasticity  of  the  new  form.  The  material  attains  a new  stable  equilib- 
rium of  the  molecules,  but  at  the  same  time  a greater  elastic  resistance- 

lu  this  fact  we  may  also  find  the  explanation  of  a i)henoinenon  ob- 
serv^ed  at  several  places.  A bronze  barrel  which  was  not  strong  enough 
to  resist  its  charge,  and  which,  therefore,  bulged  out,  still  retained  its 
form  after  long-continued  use.  It  could  even  be  weakened,  by  turning 
off  on  the  outside,  without  losing  its  power  of  resisting  cliarges.  The 
natural  chilled  bronze  has  its  limit  of  elasticity  at  400  kilograms, 
(5,080  pounds  per  square  inch,)  and  permits  a stretch  of  0.0004  of  its 
length  ; while,  if  a permanjent  set  of  0.00441  of  its  length  is  produced, 
its  elastic  limit  becomes  1,000  kilograms  (22,720  pounds  per  square 
inch)  and  its  stretch  within  the  elastic  limit,  0.00102.  The  rolled  chilled 
bronze  attains  its  limit  of  elasticity  at  1,700  kilograms,  (24,140  pounds 
l>er  square  inch,)  and  has  an  elastic  extension  of  0.0017  of  its  length, 
while  a ])ermanent  stretch  of  0.00018  of  its  length  raises  the  limit  of 
elasticity  to  2,400  kilograms  (34,080  pounds  i)er  sqtiare  inch)  aud  its 
elastic  extension  to  0.00252. 

This  advantage  is  as  great  with  steel,  wrought  iron,  and,  in  general, 
all  extensible  metals,  as  may  be  seen  from  the  table  for  gnu-metals,  but 
it  has  nev’cr  before  been  taken  advantage  of  for  the  production  of  gnus. 

302.  The  following  principle  was  enunciated  by  General  Von  Uchatius 
as  a theory  of  working  a gun-barrel  from  a homogeneous,  very  ductile,  and 
tough  metal.  , It  is  based  ui)on  results  obtained  by  precise  measure- 
ments upon  the  properties  of  the  metals : 

I.  The  icorlc  performed  hp  the  pressure  of  the  c/ases  of  the  exploded  pow- 
der, and  destroying  the  fit  of  the  shot  by  enlarging  the  bore,  should  be  per- 
formed originally  by  mechanical  means,  and  to  a far  greater  extent  ihnn 
u'Ul  be  produced  by  the  heaviest  charge.  By  this  means  the  elastic  limit 
of  the  metal  of  the  barrel  is  ificreased  to  such  an  extent  that  the  smaller 
pressures  of  gas  produced  in  discharging  the  gun  Inn’e  no  effect. 

II.  The  surface  of  the  bore  must  he  submitted  to  a process  rescuibling 
rolling  to  such  an  extent  as  to  give  it  the  necessary  hardness. 

By  this  process  of  mechanical  working  of  tlie  casting  the  material  is 
not  overstrained,  as  has  been  frequently  asserted.  Its  properties  are  not 
injured  ; on  the  contrary,  as  this  extension  goes  on  in  the  cold  state, 
and  not  while  warm,  the  molecules  take  new  and  stable  positious,  le* 
fining  the  metal.  Its  properties  are,  therefore,  improved. 

Drawn  tubes,  piano-wires,  &c.,  are  of  similar  nature,  and  have  a so 
been  extended.  They  are,  nevertheless,  sound  and  reliable, 

303.  liefore  proceeding  to  the  metliod  of  working  on  the  casting,  it  was 

necessary  to  solve  two  very  important  problems,  namely:  ^ 

(o.)  Which  alloy  of  copper  and  tin  is  best  suited  tor  elnlled  castin^  . 

(b.)  IIow  can  the  quality  of  the  metal  at  the  inside,  or  nearest  t e 
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bore,  be  made  to  correspond  to  tliat  of  tbe  alloy  at  the  outside,  so  that 
the  metal  can  be  subjected  to  the  process  of  rolling? 

In  order  to  determine  the  best  quality  of  alloy,  a small  cast-iron  chill 
was  made,  of  2o  millimeters  (1  iuch)  and  50  millimeters  (2  inches)  width 
in  the  clear,  and  25  millimeters  (1  iuch)  thickness  of  sides,  into  which 
the  following  alloys  were  cast : 

12  per  cent,  bronze. 

10  per  cent,  bronze. 

8 per  cent,  bronze. 

G per  cent,  bronze. 

10  per.  cent,  bronze,  with  2 per  cent,  addition  of  zinc. 

10  per  cent,  bronze,  with  1 per  cent,  addition  of  zinc. 

8.5  per  cent,  bronze,  with  j per  cent,  addition  of  zinc. 

The  last  of  these  alloys  is  that  which  the  French  firm  of  Lavissiere 
exhibited  at  the  Vienna  Universal  Exposition  in  the  year  1873,  and 
which  attracted  the  attention  of  professional  men  by  its  uniform  and 
homogeneous  appearance  and  by  its  peculiarly  excellent  properties. 

Two  rods  were  cut  from  each  of  these  castings,  and  these  were  rolled 
out  until  they  acquired  the  hardness  of  steel.  It  became  evident,  dur- 
ing this  process,  that  the  12  per  cent,  bronze  could  not  bear  rolling,  and 
therefore  the  tests  were  limited  to  the  remaining  alloys. 

It  was  found  necessary  to  continue  the  rolling  of  the  rods  in  order  to 
reach  the  hardness  of  steel ; with  the — 

10  per  cent,  bronze,  to  an  elongation  of  20  per  cent. ; 

8 per  cent,  bronze,  to  an  elongation  of  30  per  cent,  j 

6 per  cent,  bronze,  to  an  elongation  of  50  per  cent. ; 
with  the — 


1«  per  cent.  t>ronze  and  3 per  cent,  zinc,  to  an  elongation  of  10  per  cent.  • 
10^1)er  cent,  bronze  and  1 per  cent,  zinc,  to  an  elongation  of  IS  i>er  cent.  • 
S.5  per  cent,  bronze  and  J per  cent,  zinc,  to  an  elongation  of  20  per  cent.  \ 

The  results  of  the  tests  made  can  be  seen  from  tbe  following  table : 


Alloyg. 


10  per  cent,  bronze 

S per  ctMit.  bronze. ........ 

percent,  bronze 

10  por  cent-  bronze  and  2 percent,  zinc.! 
in  per  cent.  Itrooze  and  I percent,  zinc., 
c.o  per  cent,  bronze  and  i pi*r  cent,  zinc 
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1.5 

19,  880 

1,400 

140 

2.  5 

18,  460 

1,  300 

128 

3.  5 

8.  520 

600 

89 

0.5 

14,200 

1.  000 

120 

0.7 

21,300 

1,500 

157 

1.7 

turiL,  111  general,  me  lu  per  cent,  as  well  as  the  8 
per  cent  and  C per  cent,  bronzes  are  capable  of  being  employed  in  the 
now  method  of  making  guu-barrels,  while  the  addition  of  zinc  is  of  no 


330 


VIENNA  INTERNATIONAL  EXHIBITION,  1873. 


use  wliatover,  but,  on  the  contrary,  ilecreascs  its  value  to  uo  inconsid- 
erable degree. 

The  8 per  cent,  bronze  was  judged  to  be  the  best  for  large  castings, 
and  this  one  has,  theretbre,  been  taken  as  the  basis  for  steel-bronze. 

304.  A number  of  trials  were  made  to  determine  what  method  of 
casting  and  cooling  would  make  the  inner  layers  of  the  castiu" 
homogeneous,  and  vdiich  would  have  the  necessary  toughness  for 
standing  the  treatment  to  which  they  were  to  be  subjected  later. 
These  trials  required  much  time  and  patience,  and  were  so  extensive 
that  they  cannot  bo  enumerated  here.  The  result  of  all  these  trials, 
that  is,  the  method  of  casting  which  fullilled  the  object  in  question,  and 
which  was,  therefore,  adopted,  cannot  bo  communicated,  as  it  is  kept 
a secret  by  General  Von  Uchatius. 

Simultaneously  with  these  trials,  those  castings  wdioso  quality  was 
shown  to  be  good,  by  the  appearance  of  the  fracture,  were  subjected  to 
the  mechanical  treatfiient.  A hydraulic  .press  was  employed  for  this 
purpose,  its  capacity  being  101), 000  kilograms,  (‘J20,000  i)ounds.) 

30,5.  The  following  is  a short  sketch  of  the  main  features  of  tlie  method 
which  has  been  employed  for  making  gun-barrels  since  September,  1873: 

At  the  beginning  of  the  year  1874  a work  was  published  entitled 

Esperienze  mecha niche  HuUa  resistenza  del  in'inclpalia  metalli  da  hocelie 
da  fuaco,  dl  (J.  liossct,^^  &c.  This  work  produced  the  impression,  iu 
many  minds-,  that  the  experiments  of  General  Von  Uchatius  were  in 
imitation  of  those  there  described.  This  is,  however,  clearly  disproved 
by  (he  fact  that  these  trials  were  already  begun  at  the  end  of  the  year 
1872,  and  that  the  imi)roved  method  of  casting  had  been  determined 
upon  in  September,  1873.  The  priority  of  invention  of  this  method  of 
casting  and  of  the  following  mechanical  treatment  is,  therefore,  un- 
doubtedly to  be  attributed  to  General  Von  Uchatius. 

The  castings  were  200  millimeters  (10.4  inches)  thick,  300  millimeters 
(12  inches)  long,  having  a bore  of  80  millimeters  (3.2  inches)  diameter. 
They  were  conical  and  turned  down  at  one  end  to  180  millimeters  (7.2 
inches)  diameter.  They"  were  then  jdaced  vertically^  under  the  plunger 
of  a hydraulic  press,  which  was  then  driven  through  it.  The  surface  of 
the  press-plunger  was  of  well-hardened  steel,  and  was  a slightly-taper- 
ing cone,  thus  increasing  the  diameter  gradually".  But,  since  the  resist- 
ance increased  with  the  enlargement  of  the  barrel,  the  dillereiice  be- 
tween the  tUameter  of  the  plunger  and  that  of  the  last-formed  barrel 
must  (p‘ciease  gradually".  Six  plungers  were  employeil  iu  successiou^ 
of  which  the  first  increased  the  bore  by"  2 millimeters  (.03  inches)  and 
the  last  by^  J millimeter  (.02  inch). 

The  original  diameter  of  the  bore,  80  millimoters,  (3.2  inches,)  was  thus 
increased  to  its  normal  size  of  87  millimeters,  (3.88  inches;)  that  is, 
the  increase  amounted  to  7 millimeters,  (.28  inch,)  or  8.75  per  cent., 
while  the  exterior  diameter  of  the  casting  was  increased  by  2 per  cent. 
The  surface  of  the  bore  which  was  thus  produced  had  a hardness,  when 
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measured  by  indentation,  of  10.5  iiiilli meters,  (.43  inch,)  or  equal  to 
that  of  ^un-steel  ; it  was  as  smooth  as  a mirror,  and  only  needed  rilling’. 
It  was  further  remarked  that  the  same  result  as  to  hardness  was  pro- 
duced at  the  end  which  was  weakened  by  turning’  down,  which  would 
seem  to  indicate  that  the  outer  lajers  of  guns  do  not  come  into  play  at 
all  when  tiring. 

30G.  We  liave  remarked  before  that  the  principal  advantage  of  the 
new  method  of  manufacturing  guns  was  to  be  found  in  the  fact  that  the 
barrels  may  be  cast  of  a very  tough  and  homogeneous  material.  They 
are  then  bored  out  a little  smaller  than  the  required  size,  and  brought  to 
, gauge  by  driving  in  steel  cones  which  increase  successively  in  diame- 
ter. 

The  concentric  layers  of  the  cylinder  are  all  strained  beyond  their 
former  limit  of  elasticity  by  the  forcing  into  them  of  these  plungers, 
and  they  are  thus  given  a greater  elasticity.  At  the  instant  that  the 
plunger  is  passing  through,  the  layers  are  all  strained  beyond  their  orig- 
inal elastic  limit,  and  up  to  a new  limit  of  elasticity.  After  the  plunger 
has  passed  through,  the  inner  layers  not  only  return  to  their  new  posi- 
tions of  equilibrium,  but  they  are  pressed  back  even  further  by  com  - 
pression  due  to  exterior  layers.  The  diameter  of  the  bore  is  decreased , 
after  the  last  plunger  has  passed  through,  from  87  millimeters  (3.48 
inches)  to  86.G52  millimeters,  (3.47  inches,)  or  by  about  0.004. 

The  whole  barrel  is  also  rolled,  especially  the  inner  layers,  as  an  in- 
crease in  length  takes  place,  as  well  as  an  increase  in  diameter.  With 
afield  piece,  this  elongation  amounts  to  from  10  to  12  millimeters,  (.4  to 
.48  inches,)  or  about  G per  cent.,  the  elasticity,  strength,  and  hardness 
being  thus  still  further  increased.  The  ductility  of  the  inner  layers 
esi)ecially  is  decreased  by  this  rolling  process  ; but  it  is  an  advantage 
to  exchange  some  ductility^  for  other  properties,  with  a material  like 
homogeneous  bronze,  which  has  an  extensibility  of  50  or  GO  per  cent. 

In  firing,  the  bore  of  the  gnu  is  suddenly  slightly  enlarged.  As  long 
as  this  enlargement  of  the  bore  does  not  exceed  0.004  of  the  diameter, 
the  form  must  remain  unchanged,  like  a spring  which  has  been  strained 
within  its  elastic  limit.  Only  when  the  shock  of  the  discharge  increased 
the  diameter  beyond  this  amount,  would  the  limit  of  elasticity  of  the 
barrel  be  passed,  and  a permanent  increase  of  the  bore  take  place.  But 
since  the  bore  can  only  be  enlarged  to  the  extent  of  0.004  of  its  diam- 
eter, by  a force  equal  to  the  pressure  exerted  by  the  last  plunger — that 
is,  2,400  atmospheres— it  may  confidently  be  expected  that  the  barrels 
produced  in  this  manner  will  come  up  to  the  requirements,  particularly 
as  the  tension  of  the  gases  at  the  discharge  of  a field-piece  only  amount 
to  two-thirds  of  that  pressure. 

307.  The  material  of  the  first  two  experimental  barrels  of  steehbrouze 
had  the  following  properties: 
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Properties  of  steel-bronze. 

Test-barrel  No.  1, 
near  the— 

Teat, -barrel  No.  2, 
near  iho—  ' 

Bore. 

Exterior 

surface. 

Boro. 

Exterior 

surface. 

Tensile  stronath  per  1 square  contiiuoter,  in  kilograms 

4. 2.1(1 

3,  320 

4,  2.50 

3,320 

Tensile  strength  per  1 square  inch,  in  pounds 

60,  :i  jO 

47, 144 

60,  3.50 

47, 1-14 

Limit  of  elasticity  per  1 square  centimeter,  in  kilograms 

Limit  of  elasticity  per  1 square  inch,  in  poun<ls 

1.  too 

.500 

1,  too 

700 

15. 020 

7,  100 

1.5.  (120 

9,940 

50 

Stretch,  ultimate,  in  per  cent,  of  length 

Iti.  5 

50 

16.5 

Stretch,  elastic,  in  per  cent,  of  length 

Section  at  the  point  of  rupture,  which  was  originally  taken 

0.  30(5 

0.  000 

0.  30G 

0.060 

— 1,  00 

0.  56 

0.  50 

0.  .56 

C.50 

12 

Hardness,  depth  of  indenture,  in  millimeters 

10.6 

12 

10.6 

Uarduess,  deptli  of  indenture,  in  inches 

.42 

.48 

.42 

.48 

Both  barrels  were  subjected  to  tests  by  firing. 

The  object  of  the  tests  with  the  steel-bronze  barrel  No.  1 was  to 
ascertain  to  what  extent  tlie  theoretical  ideas  above  eimiiciated  would 
apply  to  this  kind  of  gnu -barrel. 

These  tests  were  made  on  the  “ Siimninger  Ilaide/^  from  40  to  50  shots 
being  fired  daily,  two  shots  with  the  diminished  charge  of  1 kilogram 
(2.2  pounds)  and  2B8  shots  with  the  normal  charge  of  1.5  kilograms,  (3.3 
liounds.)  The  hollow  and  double  w^alled  jirojecticles,  2.J  diameters  in 
length,  had  four  copper  packing-rings,  and  the  powder  used  for  the 
charge  w’as  large-grained  powder  from  the  factory  at  Stein,  the  size  of 
the  grains  being  from  (5  millimeters  to  10  millimeters,  (.24  inch  to 
.4  inch  ;)  the  density  wms  1.005. 

The  truth  of  the  theory  enunciated  by  General  Yon  Uchatius  as  to 
the  construction  of  gun-barrels  was  demonstrated  by  the  fact  that  the 
barrel  showed  no  signs  of  either  a widening  of  the  bore  or  any  other 
flaw  after  these  tests. 

The  test-barrel  No.  2 w’as  tried  on  the  “ Steinfeldcr  Ilaide.”  The 
object  of  these  tests  w'as  to  determine  the  decrease  in  precision  of  firing 
consequent  upon  the  firing  a great  number  of  shots  with  the  charge  of  1.5 
kilograms,  (.3.3  pounds,)  and  with  double-walled  projectiles  2. J diameters 
in  length,  w^eighing  OJ  kilograms,  (14  pounds.)  The  velocity  attained 
with  this  charge  was  measured  as  1,480  feet.  On  the  whole,  2,130  solid 
shot  were  fired  and  twenty  shells  were  thrown. 

The  subsequent  examination  of  the  barrel  showed  the  chamber  to  be 
altogether  unchanged.  The  widening  w hich  was  ]H>rceptible — about  O.l 
millimeter  (0.004  inch) — was  due  to  burning  out  and  to  mechanical  wear. 
The  lands  and  grooves  of  the  barrel  w'ere  worn  considerably,  after  tins 
great  number  of  di.scharges,  by  mechanical  wear  and  by  burning  out, 
but  from  the  mouth  to  the  vicinity  of  the  trunnions  the  lands  were  left 
quite  sharp,  and  consequently  were  capable  of  seizing  the  projectile  \\itb 
Iierfect  accuracy,  giving  its  axis  the  necessary  stability  in  the  barrel. 

After  2,100  discharges,  a well-adjusted,  double-walled  projectile  was 
purposely  made  to  burst  in  the  gun,  in  order  to  determine  the  amount 
of  damage  thus  produced  and  its  eftect  upon  the  accuracy  ol  tit  of  the 
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sliot.  The  following  series  of  25  shots  did  not  show  any  loss  of  acciiracj', 
althongh  the  grooves  and  lands  were  badly  damaged,  for  the  latter  ap- 
peared to  be  crushed  down  and  the  metal  squeezed  into  the  grooves. 
Yet  100  per  cent,  successful  shots  were  made  on  a range  of  1,500  meters, 
or  2,000  paces,  the  target  being  3.6  meters  (10  feet)  in  height,  and  the 
mean  breadth  being  only  62  centimeters,  (24  inches.)  A more  satisfac- 
tory result'could  not  be  desired. 

It  should  also  be  stated  that  the  wedge  closing  of  the  breech,  and 
made  of  forged  bronze,  as  well  as  the  copper  packing-ring,  gave  per- 
fect satisfaction,  and  did  not  seem  nearly  as  liable  to  burning  out  as 
steel  packing. 

308.  It  remained  only  to  determine  whether  the  same  quality  of  bronze 
can  be  made  for  a great  number  of  barrels.  This  being  the  case,  we 
would  expect  that  steel-bronze  barrels  would  come  into  general  use,  in 
idace  of  cast-steel  barrels  with  rings  shrunk  upon  them. 

The  pecuniary  advantages  attending  the  adoption  of  steel-bronze  bar- 
rels would  be  considerable.  A cast-steel  barrel,  with  built-up  rings, 
costs,  after  deducting  the  value  of  the  waste  metal,  1,500  florins,  ($750.) 
A*steel'bi>onze  barrel,  under  the  same  conditions,  costs  350  florins, 
($175.) 

The  workshops  of  the  Royal  Imperial  Arsenal  could  furnish  annually 
steel  barrels,  built  up  with  rings,  150;  steel-bronze  barrels,  1,000. 

309.  Experiment  indicates  how  the  properties  of  the  tough  metals  may 
be  improved  by  stretching  beyond  their  elastic  limit,  either  by  loading* 
rods,  or  by  forcing  conical  plungers  through  the  cast  cylinders  while 
cold.  The  density,  and,  to  a great  extent,  the  elasticity,  are  increased 
considerably  by  such  treatment. 

The  metals  are  generally  weakest  when  cast,  stronger  when  ham- 
mered or  rolled,  but  strongest  when  drawn. 

It  will  be  seen  that  this  method  of  working  castings  applies  advan- 
tageously to  the  production  of  steel  gun-barrels.  Steel,  having  at  once 
an  elastic  limit  of  2,000  kilograms  per  square  centimeter,  (28.400  pounds 
per  square  inch,)  and  a ductility  of  20  per  cent.,  cannot  be  produced 
by  any  hardening  process  or  method  of  manufacture,  but  only  by 
stretching  in  the  cold  state. 

The  barrel  of  a heavy  field-piece  treated  similarly  to  the  tube  of 
very  soft  Neuberg  steel  would  be  even  better  than  a ringed  steel  barrel, 
and  just  as  good  as  a steel-bronze  barrel.  The  cross-section  of  such  a 
barrel  shows  the  same  constitution  as  one  of  steel-bronze. 

The  quality  of  the  material  iu  the  concentric  layers  changes  contin- 
ually in  such  a manner  that  its  density,  elasticity,  and  hardness  increase 
continually  as  the  surface  of  the  bore  is  approached  in  exactly  the 
manner  required  to  resist  the  shock  of  discharge.  At  Creusot  it  has 
been  tried,  in  vain,  to  produce  this  result  by  hardening  the  barrels  from 
within  outward,  the  propriety  of  the  above  constitution  being  recognized. 
This  result  may  be  attained  approximately  with  guns  by  shrinking 
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softer  rinjjs  upon  tlie  banl  center.  SiuUlen  chan^ifes  take  place  in  this 
case,  and  the  separation  of  the  core  from  the  hoops  must  he  allowed 

Rir. 


With  larjjer  barrels,  where  rin^rs  must  necessarily  be  em]>1oje(l,  these 
need  only  be  stretched,  when  cold,  by  conic, al  plunf>er8  driven  through 
them,  which  will  give  them  such  a degree  of  elasticity  that  they  may 
be  shrunk  on  with  a pressure  of  2,400  atmospheres,  30,000  pounds, 
without  passing  their  limit  of  elasticity. 

310.  Tlie  steel  bronze  barrels  will,  according  to  General  Uchatius, 
always  be  better  than  those  of  steel,  for  the  following  reasons: 


1.  On  account  of  the  (luadruple  price  of  the  steel,  and  because  old 
steel-bronze  barrels  can  always  be  remelted. 

2.  On  account  of  the  time  required  in  manufacturing,  which  with  steel 
is  six  or  sev^en  times  as  long  as  that  needed  with  steel-bronze.  In  oixler 
to  produce  a cast-steel  barrel  fitted  with  rings,  the  inner  tube  is  first 
cast.  It  is  then  heated  and  worked  under  the  steam-hammer;  it  is  then 
bored,  and  finally  the  rings  are  shrunk  upon  it.  For  this  purpose  are 
needed,  not  only  very  costly  plant,  but  also  skilful,  experienced,  and  very 
reliable  workmen.  The  steel-bronze  barrels  are  simidy  cast,  then  bofed 
and  pressed,  and  finally  drawn;  all  of  which  manipulations  are  very 
si  nqde. 

3.  Oil  account  of  the  greater  rapidity  of  destruction  of  the  steel  by 
atmosplieric  iulluences.  Tlie  destructive  eflect  of  oxidation  rapidly 
penetrates  to  the  interior  with  steel,  while  steel-bronze  merely  receives  a 
superficial  layer  of  verdigi’is,  whicli  does  not  penetrate. 

4.  Jiecaiise  steel  barrels  are  not  as  safe  for  the  gun’s  crew  as  steel- 
bronze  barrels,  of  which  the  exterior  layers  are  so  tough  that  they  must 

be  stretched  50  per  cent,  before  fracture. 

Captain  Volkmar,  of  the  Austrian  army,  who  has  studied  the  process 
and  experimented  with  the  material  iiiider  the  direction  of  Oeiicra]\oQ 
Ucliatius,  is  very  enthusiastic  in  his  statement  of  its  value. 

These  now  modilicatioiis  of  the  most  generally  useful  metals,  iron  and 


bronze,  are  well  worthy  of  extended  experimental  examination. 

311.  There  is  no  apparent  reason  why  the  same  process  Should  not 
similarly  benelit  the  “ low  steels”  which  are  coming  into  such  general 


use. 

These  peculiar  products  are  of  interest,  not  only  as  valuable  com mer 
daily,  but  as  exhibiting  a singular,  and  as  yet  a mysterious,  niolecu  ar 
change  w hich  results  from  simple  compression. 

312.  Underhill’s  ANauLAU  belt,  seen  in  the  engraving  of  6 

Pickering  engine ; Mason’s  friction-clutch  pulleys,  which  are  now 
well  known  in  the  United  States,  where  the  writer  has  known  their  va  ue 
by  experience  and  by  an  acquaintance  of  ten  or  fifteen  years;  am  se^ 
eral  other  important  exhibits,  attracted  deserved  attention  and  secure 
recognition  by  the  jury  of ‘Group  XII F.  j 

313.  In  the  Austrian  section,  the  llYDRAULiC  FORGINGS  OF  >*• 
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Haswell  were  exhibited  by  the  K.  K.  Pciv.  Staats-Eiseiibahn-Gesell- 
schaft  of  Vienna,  of  whose  wor  kshops  Mr.  Haswell  is  manager. 

Tiie^e  forgings  are  produced  in  properly-shaped  molds  or  dies,  by  the 
pressure  of  powerful  hydraulic  presses  upon  the  iron,  which  is  first  raised 
to  a welding-heat.  The  metal  is  quite  easily  worked  by  this  method  if 
the  heating  is  well  done,  and  fills  the  molds  as  perfectly  as  if  molten. 
The  method  is  said  to  be  comparatively  inexpensive,  and  the  forgings 
shown  at  Vienna  as  the  product  were  of  excellent  character.  Some 
were  quite  intricate  in  form. 

The  press  used  for  this  work  had  a power  of  between  800  and  1,000 
tons.  The  water-pressure  was  stated  at  about  three  tons  per  square 
inch. 

A new  press  then  in  course  of  construction  was  to  have  a “ ram’^  two 
^eet  in  diameter,  and  to  work  with  the  same  water-pressure,  giving  a 
total  pressure  of  about  1,500  tons. 

The  cylinder  was  to  be  of  cast  iron  lined  with  steel.  In  this  press  a 
neat  device  causes  the  water  discharged  from  the  chamber  of  the  press 
to  enter  a storage-reservoir,  whence  it  is  again  taken  to  fill  the  chamber 
before  the  pressure  is  put  upon  the  die,  and  while  the  ram  is  settling 
down  to  its  work.  A draw-back  cylinder  is  mounted  above  the  main 
cylinder,  for  the  purpose  of  raising  the  ram  from  the  mold.  Mr.  Has- 
well  thus  makes  eccentrics  for  his  locomotives,  and  frequently  both  for- 
w’ard  and  backing  eccentrics  are  made  in  a single  piece.  He  makes 
also  pistons,  axle-boxes,  and  cranks  in  the  same  wmyj  and  it  will  prob- 
ably be  found  the  best  method  of  construction  of  many  details  which 
have  usually  been  made  in  cast  metal. 

Uydraul’c  forging  was  not  invented  by  Mr.  Haswell,  but  he  seems  to 
have  been  the  first  to  make  this  method  a practical  success.  He  not 
only  uses  his  press  in  doing  work  usually  made  by  ordinary  forging  or 
by  the  drop-press,  but  also  such  as  is  usually  accomplished  by  the  steam- 
hammer,  as  in  ‘‘cogging”  steel  ingots. 

314.  Wheel-centers  made  under  this  press  were  among  the  heaviest 
pieces  shown,  and  were  tine  pieces  of  work.  In  Austria,  and  through- 
out Europe,  cast-iron  wheels  are  never  seen. 

The  lir.est  wheels  for  locomotives,  forged  in  the  ordinary  way,  were 
shown  by  Deliassieux,  Freres  & Peillou,  of  Kive-de-Gier,  in  the  French 
section. 

315.  Three  steam-cranes  were  supplied  to  the  British  tfepartment 
by  the  Messrs.  Appleby  Bros.,  which  did  excellent  work  during  the 
installation  of  the  exhibits,  and  they  are  worthy  of  mention  for  their 
compact,  neat,  and  mechanical  design  and  their  excellent  workmanship. 
These  cranes  (Fig.  208)  were  like  those  used  by  the  British  commissions 
in  Paris  and  London.  They  were  of  three,  five,  and  seven  tons  capacity 
respectively.  They  differed  only  in  their  proportions.  The  bed-piece 
is  in  one  piece.  The  main  column  is  made  of  wrought  iron.  The  top 
carries  a spur-wheel,  which  is  so  attached  that  it  may  be  made  fast  or 
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loosened,  as  required,  while  operatiiiji:  the  crane.  The  truck  carries  a 
light  iron  floor,  in  the  miihlle  ot‘  which  is  an  opening  large  enough  to 
take  in  this  gear.  On  the  Border  of  this  circular  oi)ening  is  a track  on 
which  run  the  friction-wheels,  carrying  the  frame  of  the  crane  ami  its 
appurtenances.  The  central  column  steadies  the  whole  and  keeps  these 
rollers  on  the  track  as  they  revolve  about  it.  These  rollers,  or  friction- 
wheels,  are  three  in  number — two  under  the  heel  of  the  jib  and  one 
under  the  steam  boiler,  which  is  on  the  opposite  side  of  the  central  post. 
The  boiler  has  a cylindrical  shell,  with  hre-box  and  Hat  upper  head, 
and  stands  vertically.  It  contains  a set  of  small  Hues,  the  makers  con- 
sidering it  better  to  use  a form  which  is  not  especially  liable  to  give 
trouble  where  bad  water  is  used  than  to  adopt  the  tubular  boiler, 
although  the  latter  is  superior  in  economy.  The  engines  are  carried  on 
a pair  of  vertical  A-frames,  mounted  between  the  crane  jib  and  the 


boiler.  They  are  two  in  number,  and  drive  one  crank-shaft,  each  being 
attached  to  a crank-pin  at  its  own  end  of  the  shaft,  and  these  cranks 
being  at  right  angles.  Thus  the  whole  apparatus  is  pretty  nearly 
counterbalanced  when  the  crane  is  moderately  loaded.  Between  the 
frames  are  properly-arranged  trains  of  gearing  by  which  the  jil)  can  be 
raised  or  depressed,  to  give  it  less  or  greater  reach,  and  by  means  of 
which  the  tackle  is  overhauled  in  raising  the  load,  and  by  the  use  of 
still  another  of  which  sets  of  gearing  the  truck  may  be  driven  on  the 
track,  carrying  the  crane  and  its  load. 

The  Hrst  motion  is  secured  hy  moans  of  a fast-and-looso  bevel-gear  on 
the  crank-shaft,  which  acts,  through  a worm-shaft  and  its  gears,  upon 
the  barrel  carrying  the  chain  attached  to  links  leading  to  the  head  of 
the  jib.  The  second  motion  is  obtained  in  the  usual  way,  the  engines 
driving  the  chain-barrel  through  the  ordinary  arrangement  of  interme- 
diate  transmitting  gearing.  A change  of  speeds  is  provided  for  light 
and  for  heavy  loads. 

The  traversing-motioii  by  which  the  crane  is  turned  about  the 
wrought  iron  column  as  a center  is  similarly  attached,  acting  upon  the 
large  spur-gear  Hrst  mentioiieil.  In  this  motion  the  connection  is  made 
by  friction-clutches,  to  prevent  injury  by  suddenly  stopping. 

The  traversing  and  hoisting  gearing  can  bo  made  to  work  together, 
the  load  rising  or  falling  while  the  crane  is  rotating  on  the  truck. 

The  exhibitors  stated  that,  with  light  loads  and  high  speeds,  they 
can  translrr  and  hoist  one  load  per  minute.  Tiiey  state  that  one  o 
these  cranes  was  employed  to  transfer  from  the  cars  to  their  place  m 
machinery-hall  a load  of  machinery  which  comprised  jiU  of  the  par  s 
of  the  large  oscillating  marine  paddle-wheel  engine  exhibited  by  t ^ 
Societe  Cockerlll  in  the  Belgian  section,  and  that  this  was  done  in  six 
hours’  work,  including  also  the  drawing  of  the  loailed  cars  into  position 
by  the  crane  itself,  and  carrying  them  away  as  fast  as  unloaded. 

The  great  blowing-engine  shown  by^  the  same  Hriu  was  simi  ar 

erected  in  live  hours. 
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These  cranes  were  thns  found  very  useful  at  the  iustallation  and  the 
removal  of  the  machinery  and  of  heavy  exhibits  in  other  departments. 

These  were  among  the  best  of  the  miscellaneous  class  of  machinery 
exhibited  in  the  British  section.  They  were  well  planned  in  general 
and  in  detail.  They  were  excellently  proportioned,  well  made,  and  were 
destitute  of  every  attempt  at  useless  finish  or  ornament.  They  were  as 
light  as  was  consistent  with  their  necessarily  substantial  character. 
The  combination  of  motions  just  indicated  was  extremely  useful,  and 
neither  element  of  the  combination  seemed  to  interfere  with  the  opera- 
tion of  the  others.  The  jib  was  swiveled,  in  its  vertical  motion,  about 
a pair  of  pins  at  the  feet  of  its  two  legs,  and  this  arrangement  permitted 
a broad  base  of  support  laterally,  rendering  the  jib  stiff  against  surges 
toward  either  side  in  swinging  the  load  or  in  traversing. 

Messrs.  J.  H.  Wilson  & Co.,  of  Liverpool,  also  exhibited  a design, 
differing  in  detail,  but  very  similar,  as  a whole,  to  that  of  Messrs. 
Appleby.  The  same  motions  were  all  secured,  and  in  tile  same  general 
way.  The  boiler  was  even  simpler  in  form,  but  the  framing  and  the 
arrangement  of  the  gearing  was  perhaps  somewhat  less  well-consid- 
ered. The  machine  did  excellent  work. 

31G.  The  following  engravings  exhibit  a neat  little  device  shown  in  the 
United  States  section,  which  may  properly  be  described  here.  This  is  the 
Horton  lathe-chuck  and  jaw. 

Fig.  209  gives  a view  of  the  chuck  complete  and  in  parts.  The 
main  feature  is  that  of  inclosing  the  circular  wrought-iron  rack  in  a 
deep  groove  or  recess  in  the  back-plate,  and  then  turning  the  center- 
faces  of  back  and  front  plates  true.  When  bolted  together  this  makes 
a perfectly -tight  casing  for  the  gearing,  so  that  no  dirt  or  chips  can 
possibly  get  into  them  to  clog  or  injure  the  chuck.  When  the  rack  is 
taken  out,  this  makes  an  excellent  independent  jaw-chuck.  It  thus 
virtually  makes  two  chucks  combined  in  one.  The  jaws  are  solid, 
forged  of  one  piece  of  the  best  wrought  iron,  and  case-hardened  with 
animal  charcoal. 

Fig.  210  represents  the  “ inside  chuck.”  This  chuck  is  quite  well 
known  as  the  one  used  on  the  Brown  & Sharpe  universal  milling-ma- 
chine. 

Fig.  211  gives  a view  of  the  form  of  all  chucks  over  12  inches  in  diameter. 
These  are  made  in  one  casting,  with  the  exception  of  a circular  ring- 
cap,  which  incloses  the  rack  in  the  same  manner  as  in  the  smaller 
sizes.  This  allows  slots  to  be  made  entirely  through  the  body  of  the 
chuck,  and  thus  makes  it  very  convenient  to  bolt  work  upon,  if  required, 
or  to  use  it  as  a face-plate  with  the  lathe-dog. 

The  center  hub  is  simply  a straight  piece  planed  off  on  three  sides 
and  fitted  into  the  center  of  the  chuck.  If  a larger  hole  is  wanted  in 
the  chuck,  this  hub  can  be  quickly  taken  out. 

Fig.  212  presents  the  new  jaw  for  the  lathe  chuck.  The  object  of 
this  improvement  is  to  make  the  jaws  of  a chuck  so  that  they  may  be 
22  MA 
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ground  perfectly  true  both  on  face  and  bite,  and  thus  be  made  more 
reliable  in  holding  the  work. 

It  is  a common  experience  in  case-hardening  jaws  that  the  form 
changes  more  or  less,  so  that  it  is  almost  impossible,  without  grinding, 
to  hold  work  perfectly  true.  To  overcome  this  difficulty,  a raised  seat 
A A,  is  introduced  on  the  face  of  the  jaw,  on  which  the  work  rests 
while  turning.  There  is  a groove,  or  recess,  formed  in  the  corner  of 
the  bite  and  face  of  the  jaw.  This  groove  admits  of  the  use  of  the 
emery-wheel  for  grinding  off  the  raised  parts  A A,  so  that  work  coming 
to  a sharp  corner  will  rest  upon  the  ground  seat  A and  the  bite  of  the 


jaw  only,  and  assume  a perfectly  true  position,  an  equal  pressure  being 
then  exerted. 

Another  advantage  of  the  groove  is  that  a grinding  wheel  withou  a 
perfect  corner  will  do  its  work  accurately,  as  the  wheel  projects  beyon 
the  raised  part  in  the  recess  formed  by  the  groove,  and  thus  grin  s 
the  seat  perfectly  true. 

317.  German  opinion  of  American  tools. — Dr.  E.  Hartig,  a mem 
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ber  of  the  jury,  and  professor  at  the  Royal  Saxon  Polytechnikum^'^^  at 
Dresden,  in  his  report,  published  since  the  above  section  of  this  report 
was  written,  remarks:  ‘‘If  we  accept  the  expression  ‘ machine-tools,’  ac- 
cording to  modern  usage,  as  including  not  only  machines  for  dressing  and 


Fig.  210.  Horton's  lathe-chuck.  Fig.  211. — Horton's  lathe-chuck. 

working  metals,  but  also  the  machines  for  dressing  and  working  wood, 
which  have  of  late  become  very  numerous  and  have  come  into  extended 
use,  and  it  to  these  we  add  the  machines  for  dressing  stone,  we  will  then 
include  that  group  of  machines  whose  representation  at  the  Vienna 
Exhibition  was  the  most  successful  in  every  respect.  None  of  the 


Fig.  212. — Horton’s  lathe-chuck  jaw.  , 

numerous  divisions  of  this  class  was  wholly  without  representation  j 
no  one  of  the  countries  that  manufacture  them  Avas  unrepresented.  It  is 
surpiising  that  the  machine-tool  manufacturers  of  the  United  States  were 
repiesented  in  a much  greater  number  than  upon  any  former  universal 
exhibition,  their  exhibits  being  of  unquestionable  originality,  and  their 
value  being  made  evident  to  every  attentive  visitor  by  the  absence  among 
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them  of  objects  of  inferior  value.  A true  elite  of  reliable  inventors  and 
manufacturers  : William  Sellers,  the  originator  of  many  unsurpassed  de- 
signs*, anclThomas  riall,theinventorof  thehamliestvise ; B.C.Tilghman 
the  saiid-etcher;  and  the  Mowry  Axle  and  Machine  Company,  who  fast 
ened  the  iron  tires  upon  the  wooden  wagon-wheels  without  the  use  of 
heat ! In  considering  this  variety  of  triumphs  of  invention,  the  question 
naturally  suggested  itself  anew,  what  influence  is  to  be  ascribed  to 
the  conception  of  the  ‘inventors’  property,’ when  greatly  refined  and 
sharpened  by  an  effective  protection  by  patent-law^s  ? A question  which 
has  found  deliberate  consideration  and  answer,  in  the  course  of  the  Ex- 
position, by  the  International  Patent  Congress.” 
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GENERAL  REVIEW. 

Scope  of  the  report  j Uxdescribed  exhibits;  Technical  educational  exhibits  ; 

NeCES.SITY  OF  STUDYING  THE  MANUFACTORIES  OF  EUROPE  ; BRITISH  WORKINGMEN 
AS  VISITORS  TO  VIENNA  *,  AMERICAN  MECHANICS  AT  VIENNA. 

t 

318.  It  lias  been  the  general  intcDtiou  of  the  writer  in  Ibis  report  to 
review  brieby  only  such  iiiacbines  and  exhibits  as  came  directly  under 
notice  while  acting  ofticially  as  a lueniber  of  the  International  Jury,  and 
such  special  exhibits  as  experience  may  have  particularly  qualified  him 
to  criticise. 

There  were  a large  number  of  exhibits  at  Tieuna  which  were  of  great 
interest,  not  only  to  every  mechanic,  but  to  every  intelligent  person  who 
recognizes  the  extent  to  which  all  progress  in  civilization,  including  in- 
tellectual and  even  moral  advancement,  isde]»endent  upon  the  improve- 
ment of  the  materials  and  processes  of  the  industrial  arts. 

The  magnificent  collections  of  Krupp,  the  proprietor  of  the  immense 
iron-works  at  Essen,  Prussia,  the  beautifully-graded  steels  and  the 
splendidly-finished  machinery  shown  by  the  Messrs.  Schneider,  of  Creii- 
sot,  France,  the  noble  show  of  heavy  machinery  exhibited  in  the  Bel- 
gian section  by  the  ^^Societe  CocA'en’//,-^  of  Seraing,  the  immense  display  of 
brass  bronze  and  of  other  alloys  and  metals  of  Lavissiere,  were  each 
worthy  of  long  and  careful  study. 

319.  Technical  EDUCATIONAL  exhibits. — The  writer,  as  an  educator 
by  position,  although  a “practical’’  man  and  an  engineer  by  profession, ‘was 
naturally  much  interested  in  the  educational  Ciepurtment  of  the  Anstelhing, 
which  may  be  looked  upon  as  the  illustration  of  the  systemof  machinery  by 
which  we  are  to-day  endeavoring  to  aid  the  advance  of  the  more  purely  intel- 
lectual part  of  the  work  of  civilization.  The  collections  in  this  depart- 
ment were  not  as  extensive  as  they  should  have  been  or  as  they  were 
expected  to  be.  The  ordinary  and  standard  ajiparatus  which  are  every- 
where used  in  higher  schools  and  colleges,  text-books  in  every  branch 
of  study  for  all  grades  and  in  every  language,  maps  and  charts,  the 
familiar  forms  of  ])hysical  and  chemical  ap])aiatus,  Mere  all  illustrated 
with  some  few  novelties,  but  with  laie  examples  of  strikingly  intdest 
ing  innovations  or  improvements.  The  school  apparatus  aud  furniture 
from  the  United  States,  our  American  text-books,  the  Fiench  illustra- 
tive ajipai  atus  for  very  young  pupils,  the  apparatus  exhibited  by  Loudon 
and  Paris  makers  of  ])hilosophical  instruments,  were  all  attractive  aud 
exceedingly  inteiesting  to  all  who  appieciate  the  public  as  well  as 
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private  benefits  which  follow  the  adoption  of  effective  and  truly  practical 
methods  of  education.  The  German  exhibits  of  apparatus  for  techuical 
instruction  were  exceptionally  interesting,  both  as  constructions  and 
as  illustrations  of  German  methods.  Models  exhibiting  cinematic  com- 
binations,  the  various  kinds  of  gearing,  elements  -of  machines,  modes 
of  transmission  of  power,  models  of  typical  forms  of  important  machines, 
and  other  models  illustrating  processes  of  metallurgy  and  engineering 
were  shown  in  great  variety.  Supplied  with  such  apt)aratus,  our  Ameri- 
can technical  schools  would,  with  their  advantages  of  excellence  of 
material  in  their  classes,  probably  excel  any  schools,  even  of  Germany, 
in  the  efficiency  of  the  education  which  they  would  confer  upon  their 
students.  A few  of  our  professedly  techuical  schools  are  already  nearly 
as  well  provided  witli  this  kind  of  material  as  are  the  German,  and  one 
or  two  are  even  superior  to  all  of  the  continental  schools,  with  perhaps 
one  or  two  exceptions,  in  this  particular.  It  will  j)robahly  not  be  long 
before  we  may  expect  to  find  ourselves  in  a position  to  offer  to  our  young 
men  all  the  advantages  at  home  which  they  now  seek  abroad,  and,  in 
addition,  some  which  can  only  be  had  in  a country  like  our  own  and 
among  a people  like  ours. 

320.  The  engineer  who  attends  the  Welt-Austellung  soon  finds  that,  to 
learn  thoroughly  the  lesson  which  he  has  come  to  study,  he  must  pur- 
sue his  investigations  at  a distance  from,  as  w’ell  as  within,  the  Exhibi- 
tion limits.  He  finds  there  a splendid  exhibit  of  machinery  and  of  man- 
ufactured products  ; but  to  see  the  processes  and  the  methods  by  which 
these  products  are  created,  he  must  visit  the  establishments  which  have 
contributed  them.  The  writer,  therefore,  at  the  earliest  possible  mo- 
ment, after  the  most  important  work  was  done,  left  Vienna  to  spend  the 
remaining  portion  of  available  time  in  visiting  some  of  the  most  suc- 
cessful or  most  interesting  of  those  establishments  in  various  parts  of 
Europe,  and  also,  where  possible,  to  see  something  of  that  system  of 
technical  schools  which  has  done  so  much  for  Germany. 

321.  While  still  at  Vienna,  a party  of  thirty-four  English  working- 
men arrived  to  inspect  the  Exhibition,  and  to  report  to  the  British  “ So- 
ciety for  the  Promotion  of  Scientific  Industry  the  results  of  their 
examination  of  the  several  departments  with  which  they  were  lamiliar. 
These  reporters  were  selected  by  competition  from  among  320  appli- 
cants. They  were  working-men  actually  engaged  earning  their  living 
by  working  at  the  trades  which  they  were  severally  chosen  to  represent. 
These  men  were  very  intelligent  and  evidently  well  capable  of  doing 
the  work  assigned  them  in  a creditable  manner,  and  their  reports ^ill 

probably  prove  most  valuable. 

While  laboring  under  the  disadvantage  of  a lack  of  opportunity  or 
obtaining  the  superior  education  of  the  Germans,  and  while  ba\iug  no 
such  inducement  to  exercise  that  native  inventive  talent  which  he  uu 
doubtedly"  possesses  in  hanlly  a less  degree  than  the,  American, 
while  involved  in  those  sad  (juarrels  which  are  a natural  consequeiic 
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of  a misapprehension,  by  both  masters  and  men,  of  those  laws  of  polit- 
ical economy  which  control  the  relations  between  capital  and  labor,  the 
English  mechanic  holds  aposition  which  commands  the  highest  respect ; 
and  it  may  well  be  a cause  of  pride  that  we,  who  are  closely  competing 
with  him,  are  his  nearest  relatives. 

322.  Other  nations  have,  like  the  United  States  and  Great  Britain, 
sent  corps  of  observation  to  Vienna,  in  which  are  included  some  of  their 
most  skilful  artisans,  and  it  may  be  fully  expected  that  this  enlightened 
policy  will  produce  most  valuable  results.  No  nation,  however,  has  as 
many  representatives  from  among  the  class  of  “ practical  artisans  ” as 
the  United  States.  Large  numbers  of  our  most  intelligent  and  most 
experienced  mechanics  visited  Vienna*  to  see  for  themselves  what 
Europe  is  producing  that  is  worthy  of  imitation.  All  were,  probably, 
in  some  degree  disappointed  in  their  expectations  of  finding  a large 
proportion  of  novelties,  yet  probably  none  came  home  feeling  that  the 
time  and  money  which  they  had  expended  were  lost. 

From  the  Germans  they  learned  the  value  of  a practical  mental  and 
scientific  training,  and  saw  what  it  has  done  for  a nation  that  cannot  be 
termed  a nation  of  mechanics.  They  learned  also  how  well  the  Teu- 
tonic nations  have  developed  this  kind  of  education,  and  how  much  we, 
and  still  more  the  British,  have  been  left  behind  in  that  great  field  of 
culture.  They  learned  from  the  French  that  we  do  not  excel  in  the 
. combination  of  the  useful  with  the  ornamental,  or  in  the  exhibition  of 
good  taste  in  general  work,  or  in  the  manufacture  of  those  delicate 
kinds  of  apparatus  and  those  marvellously  perfect  constructions  which 
have  become  the  ordinary  tools  of  scientific  work.  From  the  British 
they  learned  to  admire  that  simplicity  of  form  and  that  substantial  con- 
struction which  distinguish  the  mechanical  works  of  that  nation  to  a 
degree  that  we  may  well  hoi)e  at  some  future  time  to  imitate,  though 
perhaps  hardly  to  excel.  They  learned,  finally,  that,  while  we  may  feel 
proud  of  the  position  already  attained,  we  have  still  ample  opportunity 
to  improve  in  many  ways. 


* See  Scientific  American,  1873  j correspondence. 
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SWITZERLAND  AND  HER  MANUFACTURES. 

Influences  .u’fecting  Snviss  industries;  Cotton-manufactures — their  distri- 
bution AND  e.vtent;  Power-u')om  weaving;  Dveing  and  Printing;  Embroid- 
ery; Silk-manufactures— THEIR  dlstribution  ; Watch  and  clock  manufact- 
uring; Woolen  manufactures;  Linen-industry;  Straw-braiding;  Manu- 
factures OF  MACHINERY  ; IRON  AND  OTHER  MANUF.ACTUKES. 

323.  iHimetliaiely  after  the  conclusion  of  the  work  of  the  International 
Jury,  the  writer  left  Vienna  to  visit  the  more  important  European  man- 
ufacturing establishments  and  technical  schools.  Several  weeks  were 
devoted  to  that  work. 

It  had  been  a part  of  the  original  programme  to  visit  the  South-Eu- 
ropean  manufacturing  countries,  and  it  seemed  jiarticularly  desirable  to 
explore  the  more  interesting  manufacturing  districts  of  Switzerland,  and 
to  learn  something  of  the  extent  and  the  peculiar  characteristics  of 
method  of  those  imlustries  in  which  they  are  recognized  as  leading  all 
Europe;  but  time  did  not  permit  the  carrying  out  of  this  [lortioii  of  the 
plan.  But,  although  unable  to  visit  Switzerland  to  correct  the  impres- 
sions formed  at  Vienna  by  a personal  inspection  of  the  manufacturing  dis- 
tricts, the  writer  is  imlebted  to  the  kindness  of  a colleague  on  the  Inter- 
national Jury  for  valuable  published  statistics  and  general  information. 

In  conseiiueuce  of  the  scarcity  of  products  of  the  soil,  it  is  necessary, 
to  compensate  for  this  scarcity,  for  a large  portion  of  the  population  of 
Switzerland  to  follow  manufacturing  industrial  pursuits. 

Swiss  industry  is  impeded  by  a deficiency  of  raw  material,  especially 
of  coal  and  iron,  by  its  continental  position  and  its  elevation  above  the 
sea,  and  also  by  the  fact  that  it  is  surrounded  on  all  sides  by  countries 
having  protective  tariffs.  It  is  favored  by  the  abundance  of  water-power 
at  its  command,  which  will  be  still  further  increased  when  the  manu- 
facturing interests  become  capable  of  taking  possession  of  the  cold, 
higher  regions  of  the  Alps.  It  is  also  favored  by  a complete  liberty  of 
trade  and  by  a restless  tendency  to  open  new  roads,  which  inclination 
overcomes  local  impediments,  and  enables  Swiss  productions  to  be 
brought  into  all  the  markets  of  the  world.  Numerous  establishments 
have  now  adopted  steam-power  together  with  water-power,  and  there 
are  already  manufactories  employing  steam-power  only. 
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324.  Cotton-manufactures.— Among-  all  brandies  of  industry  the 
most  important  are: 

{a.)  The  cottou-manufactures,  the  seat  of  which  was  originally  the 
eastern  portion  of  Switzerland  and  in  the  cantons  of  Zurich,  Aargau 
Glarus,  St.  Gall,  and  Appeuzell,  and  which  gradually  spread  through- 
out the  cantons  of  Zug,  Thurgau,  Schatf hausen,  Schwytz,  Soleure 
Bern,  and  several  others.  It  consists  principally  of  cotton-spinniu'y 
and,  according  to  the  census  statistics  of  1870,  the  following  aie  ap- 
proximate figures  for  the  number  of  spindles: 


Spinilles. 


Zurich 684,  566 

Bern 83,412 

Lucerne 18,636 

Uri 

Schwytz 75,060 

Unterwalden 2,400 

Glarus  254,468 

Zug 111,012 

Frey  burg 60 

Soleure 28,  .526 

Basel 44,  148 

Sell  a fill  an  sen 26, 11** 


Spindles. 

Appenzell 

8t  GalU 

Grisous 

Aargau 

Thurgau  

Ticino 

13,028 

Vaud 

Valais 

Noufchatel 

Genova  

1, 397 

Total  2,059,351 


In  1860  the  total  number  was  1,602,109  spindles;  or  an  increase  of 
about  457,242  spindles  has  taken  place  from  1860  to  1870. 

Assuming  the  annual  consumption  per  spindle  to  be  28  German 
pounds,  (31  pounds  English,)  uiyI  the  yarn  produced  to  amount  to  25J 
pounds,  (28  pounds  English,)  on  the  assumption  that  No.  45  is  theaver- 
age  number  for  textile  fabrics  produced  in  Switzerland,  then,  from  the 
above,  we  have  an  annual  consumption  of  raw  cotton  amounting  to 
52,000,000  pounds,  (63,200,000  pounds  English,)  and  an  annual  produc- 
tion of  about  52,500,000  pounds  of  yarn,  (57,700,000  pounds  English.) 
A portion  of  this  is  ex[)orted  into  Germany,  Austria,  France,  and  Italy, 
while  another  portion  is  woven  in  the  country,  principally  in  the  can- 
tons of  Zurich,  Aargau,  Glarus,  St.  Gall,  Appenzell,  and  Zug. 

325.  Another  branch  of  industry,  that  of  [)ovver-loom  weaving,  which 
has  of  late  years  assumed  considerable  importance,  also  absorbs  no 
inconsiderable  quantity  of  yairn  of  all  numbers,  for  the  manufacture  of 
embroideries,  of  machine-thread,  combed-wool  yarn,  &c. 

The  fabrics  thus  produced  support  the  dyeing  and  printing  industries, 
of  which  the  most  important  seats  are  the  cantons  of  Glarus,  Zuricli, 
Aargau,  and  Thurgau.  The  principal  seat  of  the  business  of  weaving 
of  colored  goods  is  in  the  cantons  of  St.  Gall,  Thurgau,  Zuricb  and 
Aargau,  and  Appenzell ; and  large  weaving  establishments  exist  in 
Wald,  in  the  canton  of  Zurich,  manufacturing  tine  muslins,  the  greater 
part  of  which  are  subsequently  worked  up  in  the  extensive  embroider- 
ing establishments  of  the  two  first-named  cantons. 

326.  Embroidery. — Embroidery,  one  of  the  most  important  branches 
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of  the  Swiss  cotton  •man  iifactnres,  is  divided  into  (1)  band-embroidery, 
(2)  broad  embroidery,  l)y  means  of  looms,  and  (3)  into  imwer-loom  chain- 
stitch,  or  crochet-emoroidery. 

Appenzell,  Inner  Khodes,  is  the  headquarters  of  hand-work,  and  some 
is  produced  in  the  valley  of  the  Uliine  and  beyond  the  Swiss  frontier. . 
Swabia  and  the  Bregenz  forest  also  produce  hand-embroidery. 

More  than  -l:,0(M)  machines  are  in  use  in  the  manufacture  of  the  second 
kind  of  embroidery,  principally  in  the  cantons  ot  St.  Gall  and  xVppeu- 
zell,  and  lately  in  Thurgau,  while  crochet-embroidery  forms  a later 
branch  of  itidustry,  in  which  small  machines  with  one  needle  and  laiger 

ones  with  from  12  to  44  needles  are  used. 

327.  {b.)  The  silk-industry  stands  at  the  head  of  the  manufacturing 
pursuits  of  Switzerland  in  the  magnitude  of  the  trade,  showing  an  annual 
exportation  of  215,000,000  ot  francs,  ('^43,000^000.)  Zurich  is  the  most 
important  center  of  manufactures  ot  silk  goods,  but  Bern,  Basel,  Schatl- 
hausen,  Aargau,  Glarus,  Thurgau,  and  Orisons  share  in  tliis  industry. 
Zug,  Schwytz,  and  Unterwalden  work  for  Zurich.  Almost  a uionoi)oly 
of  the  manufacture  of  silk  ribbons  is  held  by  Basel,  from  whence  it  has 
been  introduced  to  a slight  extent  into  the  Bernese  Jura  and  into 
the  canton  of  Soleure.  Some  sUk-siiinning  is  also  done  at  Lake  Zurich 
and  at  Aargau,  and  the  tioss  silk  spinning  ot  Basel,  Zurich,  Schwytz, 
Aargau,  and  Bern  is  a somewhat  important  business. 

328.  (c.)  The  avatch  and  clock  manufacture,  of  which  the  princi- 
jial  seat  is  in  the  Nenfchatel,  Jura  and  in  Geneva,  has  recently  spread 
into  the  neighboring  cantons  of  Bern,  Soleure,  and  Yaud.  More  than 
200,000  watches  are  annually  produced,  and  the  export  is  considerably 
more  than  100,000,000  francs  ($20,000,000)  in  value.  The  import  of 
raw  material  and  tools  amounts  to  more  than  8,000,000  francs, 
($1,000,000.)  In  this  business  a thorough  classitication  and  division  of 
labor  is  carried  into  the  smallest  details.  Connected  with  it  is  the  man- 


ufacture of  music-boxes,  principally  in  Geneva  and  in  the  district  of  St. 
Croix,  in  Yaud,  which  latter  alone  produces  about  100,000  of  these 
pleasing  toys  p6r  annum.  In  Geneva  the  manutacture  ot  jewelry  is 
also  carried  on  extensively. 

329.  {d.)  Woolen  manufactures  are  carried  on  in  Zurich,  Bern^ 
and  Glarus,  not,  however,  to  a sutlicient  extent  to  supply  domestic 
demands.  It  is,  however,  promising  to  assume  considerable  dimensions, 
and  extensive  establishments  for  the  manufacture  of  worsted  and  of 
twine  are  being  built  in  the  cantons  of  Thurgau  and  Soleure. 

330.  The  linen-industry  in  the  Bmmenthal  of  Bern,  and  at  Burgdorf 
and  Langenthal,  does  not  produce  sufficient  to  supply  the  consumption 
of  the  country. 

331.  (e.)  Straav-eraiding  gives  employment  to  the  population  in  sev- 
eral districts  of  Switzerland.  The  production  is  not  very  considerable. 
The  work  of  Aargau,  from  the  village  of  Wohlen,  has  a wide  rei)utation 
for  its  elegance  as  well  as  for  its  artistic  designs. 
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332.  {f.)  The  manufacture  of  machinery,  for  which  the  other 
branches  of  industry  create  a demand,  has  not  been  confined  to  sup- 
plying this  immediate  demand. 

Although  compelled  to  contend  with  great  difficulties  in  consequence 
of  the  necessity  of  importing  nearly  all  raw  material  under  high  rates 
of  duty,  Switzerland  has  been  able  to  secure  a good  reputation  both  in 
its  own  and  in  foreign  countries,  and  to  export  successfully.  The  Swiss 
furnish  steam-engines,  steam  boilers,  heaters,  and  gas-fixtures,  locomo- 
tives, steamships,  all  kinds  of  motors,  machinery  of  transmission,  cot- 
ton and  woolen  machinery,  embroideriug-machines,  paper-machines, 
hand-tools  and  machine-tools  of  all  kinds,  iron  bridges,  rolling-stock 
for  railroads,  and  agricultural  machinery.  These  establishments  are 
usually  provided  with  founderies.  This  industry  is  represented  in  . 
almost  all  the  cantons  of  Switzerland  5 the  main  centers  are,  however, 
in  the  cantons  of  Zurich,  Schafthausen,  St.  Gall,  Soleure,  Aargau, 
Basel,  Bern,  Freyburg,  Vaud,  and  Geneva.  Small  machine-shops  are 
found  wherever  any  branch  of  industry  creates  a demand. 

333.  Switzerland  possesses  several  blast-furnaces  in  the  Jura,  which 
are  said  to  produce  a very  superior  iron  from  the  ore  mined  in  the 
neighborhood.  The  total  production  of  the  Swiss  Jura  is  about  7,500 
to  8,000  tons  of  pig-iron  and  plate  and  bar  iron  per  annum.  This  is  but 
a small  part  of  the  consumption  of  the  Swiss  iron-manufactures.  Switz- 
erland annually  imports  and  works  up  at  least  50,000  tons  of  pig-iron, 
bar  and  plate  iron,  castings  and  steel,  inclusive  of  railroad  materials. 

334.  Among  industries  of  less  note  are  the  following:  The  man- 
ufacture of  mathematical  and  philosophical  instruments  in  Aargau, 
Zurich,  Geneva,  and  Bern  j of  pianos,  in  Zurich  and  Basel ; that  of 
parquetry,  in  Valais,  Freyburg,  Bern,  and  Lucerne  j of  carved  work  in 
the  highlands  ot  Bern  *,  the  manufacture  of  a superior  kind  of  paper  in 
Basel,  Zurich,  Aargau,  Soleure,  Vaud,  Geneva,  Neufchatel,  and  in  other 
localities,  and  the  manufacture  of  earthenware  in  the  cantons  of  Bern, 
Schafthausen,  and  Ticino.  There  are  about  500  tanneries,  of  which 
the  greater  number  are -situated  on  the  boundary-line  be'tween  the  Alps 
and  that  part  ot  the  country  dev^oted  to  agriculture’. 
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chinery; Light  mechanism;  Machine-shops  and  their  production;  Pro- 
gress of  invention;  Cotton-machinery;  Sewing-machines;  Stocking-frames; 
Looms;  Paper  machinery ; Fly-presses;  Machinery  of  the  tool  industries! 
Machine-tools  ; Pumps  and  blowing-apparatus  ; Metrological  apparatus  ; 
RaILR0.4D-PLANT — locomotive-building — C.\R-BUILDING — USE  OK  STEEL— IMPROVE- 
MENT OF  ROLLING-STOCK. 

335.  Machinery — extent  of  manufactures. — The  German  Em- 
pire is  now  the  grandest  manufacturing  nation  of  continental  Europe. 
Its  intimate  connection  with  the  United  States,  in  which  latter  country 
so  many  citizens  have  had  political  and  social  relations  with  both  gov- 
ernments, makes  the  industrial  standing  of  Germany  a matter  of  especial 
interest.  The  early  and  unintermitted  development  of  technical  educa- 
tion, in  which  this  nation  leads  all  others,  is  another  circumstance  which 
lends  especial  interest  to  the  study  of  these  economic  conditions. 

The  distribution  and  extent  of  the  German  productive  industries  are 
stated  to  have  been  largely  determined  by  her  originally  more  pecu- 
liarly exclusively  mining-industry.  In  intimate  connection  with  the 
extension  of  mining  and  smelting  in  this  country  have  arisen  the  man- 
ufactures of  machinery  and  important  improvements  in  the  means  of 
transportation.  The  former  industry  and  the  fabrication  of  textile 
goods  have  developed  the  latter  within  the  last  half  century*  in  Rhine- 
land and  Westphalia,  in  the  kingdom  of  Saxony  and  in  Alsace. 

Thirty-two  years  ago  (1841)  there  were  no  locomotive  or  car  manufac- 
tories in  Germany.  Now  Germany  produces  yearly  about  1,000  loco- 
motives and  30,000  cars,  valued  at  from  17,000,000  to  30,000,000  thalers. 
Berlin,  Oarlsruhe,  Essliugen,  Gratfenstaden,  Chemnitz,  Hanover,  and 
Cassel  form,  with  other  cities,  the  principal  seats  of  this  manufacture. 
By  increasing  the  tractive  power  of  the  locomotives  and  the  capacity 
of  the  cars,  it  has  been  possible  to  more  than  counterbalance  the  rise  in 
price  of  labor  and  of  coal.  Three  establishments  in  Chemnitz  alone  have 
produced  during  the  last  thirty  years  ov^er  30,000  power-looms,  carding- 
engines,  spinning-machines,  and  similar  machines,  containing  more  than 
1,500,000  spindles.  Chemnitz  also  leads  the  German  machine-tool 
industry.  The  domestic  sewing-machine  industry  is  even  stated  to  be 
competing  with  the  foreign ; manufactories  in  Berlin  and  Dresden  are 
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Stated  to  be  capable  of  fiiruishiug  from  50,000  to  100,000  machines 
annually.  The  manufacture  and  introduction  ot  agricultural  machinery 
is  slowly  gaining  a position  in  the  market.  The  manufacture  of  print- 
ing-presses has  always  been  a prominent  business  here,  where  the 
invention  of  the  art  of  printing  was  made.  Large  numbers  of  printing, 
presses  are  furnished  for  exportation,  especially  to  Kussia. 

The  magnitude  assumed  by  the  business  of  manufacturing  machinery 
within  a short  time  may  be  seen  in  the  fact  that  there  were  imported 
217,225  cwt.  of  machines  in  the  year  1868  ; at  the  same  time  there  were 
exported  280,960  cwt,  while  the  corresponding  figures  for  1872  were 
663,720  cwt.  imported,  and  771,209  cwt  exported. 

336.  Metal  g-oods. — The  metal- ware  industry  has  retained  its 
original  leading  position.  Formerly  it  had  its  seat  in  South  Germany, 
but  lately  it  has  been  moving  northward  into  the  mountainous  countries 
bounding  Rhineland  and  Westphalia.  The  manufacture  of  cutlery,  tools, 
and  weapons  of  war  has  been  largely  developed  in  parts  of  Westphalia, 
as  Hagen,  Altena,  Iserlohu,  and  in  parts  of  Rhineland,  as  Solingen  and 
Remscheid.  The  manufacture  of  sewing-needles,  founded  three  hundred 
years  ago  by  laborers  from  the  Spanish  Netherlands,  and  the  manufacture 
of  iron  and  steel  ware  in  Thuringia — in  Suhl,  Soinmerda — as  well  as  in 
several  cities  of  Wiirtemberg  and  Bavaria — Heilbronn,  Nuremberg— 
have  assumed  an  important  place  in  the  market.  Berlin  is  famous  for  its 
weapons,  cast-iron  railings,  forged  and  locksmith’s  ware.  Articles  of 
lead,  tin,  zinc,  brass,  and  bronze  are  principally  manufactured  in  Berlin, 
Nuremberg,  Furth,  Munich,  Cologne,  and  Hanover.  The  weight  exported 
of  these  articles  in  1872  was  307,998  cwt.,  while  only  104,523  cwt.  were 
imported. 

The  following  figures  are  given  for  iron  and  steel  products  for  the  last 
five  years : 


# 

Imports 

Exports. 

1872. 

1868. 

1872. 

Sewing-needles,  steel  springs,  &c 

Fine  iron  ware 

Rough-forged  and  cast-iron  ware 

Civt. 

2,591 

7,  011 
245.  G28 

Cwt. 
4,2:U 
11,  026 
2.  155,  967 

Cu’t. 

30.  835 
27.  915 
799,  384 

Cwt. 

20. 165 
43, 144 
2, 312, 697 

337.  Textile  fabrics. — The  industry  of  textile  fabrics  equals  in 
importance  that  of  metals.  In  the  year  1861,  800,000  persons  were 
employed;  an  equal  numlier  of  looms  nnd  about  4,000,000  fiiiisliing- 
spindles  were  in  use.  In.  the  mean  time  the  niniiberof  inhabitants  ot 
the  towns  principally  engaged  in  this  business  has  increased  50  per 
cent.  The  indiistries  of  spinning  and  weaving  are  carried  on  [)rincipally 
on  the  banks  of  the  Lower  Rhine.  This  is  probably  owing  to  the  influ- 
ence exerted  by  tlie  cities  of  Flaaiders  and  Brabant  in  the  iniildle  ages. 

At  the  same  time,  the  si)inning  of  tlax  and  the  manufacture  ot  linen 
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have  acquired  a greater  importance  in  Westphalia,  Silesia,  and  Saxony. 
They  had  been  in  a critical  condition  for  many  years,  in  consequence  of 
the  discouragements  incident  to  passing  from  hand-spinning  to  machine- 
spinning,  and  they  had  partially  lost  the  market. 

The  districts  of  Aix  la-Chapelle  and  Dusseldorf,  tbe  province  of 
Brandenburg,  the  Saxon  district  Zwickau,  and  the  countries  of  Upper 
Franconia,  the  Palatinate,  Wiirtemberg,  Alsace,  and  Lorraine  are  dis- 
tinguished for  their  woolen  fabrics.  Of  shawls  and  carpets,  Berlin  is 
the  principal  producer.  The  exports  of  woolen  fabrics  exceed  the  im- 
ports by  about  200,000  cwt. 


Imports. 

Exports. 

1868. 

1872. 

1868. 

1872. 

n.  \CnnlATi  vtirn  . . ...  

Cwt 
271,507 
74,  970 
2,541 

Cwt. 
344,  256 
166,  590 
7,  657 

Cwt. 

73,  933 
292,  347 
4,  032 

(hot. 
144,  923 
360,  302 
10,  6 20 

b.  Woolen  articles 

r 

The  value  of  exports  has  been  estimated  at  10,000,000  thalers. 

The  growth  of  the  cotton-industry  can  be  traced  back  to  the  beginning 
of  the  last  century.  As  the  official  statement  runs:  ‘‘It  attached  its 
first  threads  to  the  woolen  industry,  at  the  side  of  which  it  now  stands 
as  an  equally  strong  competitor.”  When  the  continental  system  of  the 
first  French  empire  stopped  the  importation  of  English  twists,  numerous 
spiuniug-mills  were  founded  on  German  territory,  and  these  have  risen 
to  great  importance,  though  only  after  passing  through  several  danger- 
ous crises.  In  Chemnitz  cotton-spinning  machinery  has  been  manufact- 
ured and  used  to  a considerable  extent  since  182G. 

The  total  production  of  cotton  fabrics  amounted  to  1,650,000  cwt.  in 
1871,  having  been  1,000,000  cwt.  in  1860,  this  covering  not  only  the  do- 
mestic, but  also  a part  of  the  foreign  demand.  In  the  year  1872,  221,512 
cwt.  of  cotton  fabrics  were  exported ; at  the  same  time,  only  49,059 
cwt.  were  imported.  On  the  other  hand,  the  importation  of  cotton  yarn 
in  1872  amounting  to  456,863  cwt.,  exceeded  the  amount  of  exporta- 
tion in  a similar  manner,  the  latter  being  only  98,800  cwt. 

The  manufacture  of  silk  and  mixed  goods  has  its  centers  at  Crefeld^ 
in  Elberfeld-Barmen,  and  at  Berlin.  It  consumed  in  the  year  1871-72, 
980,000  kilograms  of  silk  and  silk  thread,  valued  at  27,500,000  thalers, 
while  it  used  in  the  year  1843-44  only  350,000  kilograms,  valued  at 
nearly  nine  million  thalers.  The  value  of  these  fabrics  may  be  estimated 
at  50,000,000  thalers.  In  the  year  1872,  14,041  cwt.  of  silks  were  im- 
ported, while  the  export  amounted  to  39,708  cwt. 

338.  Wood  and  paper. — Theindustry  in  wooden  ware,  especially  in 
the  manufacture  of  furniture,  is  of  great  economic  importance.  German 
furniture  in  very  early  times  was  of  great  value,  and  still  has  a high  reputa- 
tion. Subsequently  this  branch  of  trade  failed  with  the  decadence  of 
23  MA 
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national  arcbitectnre,  and  it  lias  not  fully  recovered.  The  trade  has  only 
re-assumed  importance  within  the  last  two  decades,  and  then  only  in  the 
larger  cities  of  Berlin,  Munich,  Stuttgart,  Dresden,  Cologne,  and  May- 
ence.  Omitting  the  statistics  of  rough-turned  work  and  of  wood  cut 
into  veneers,  exports  of  furniture  exceed  the  imports  in  value.  In  the 
year  1872,  the  exportations  amounted  to  310,220  cwt.,  and  the  imports 
were  58,270  cwt.,  while  in  the  year  1868  the  figures  were  207,510  cwt. 
and  29,970  cwt.,  respectively. 

The  manufacture  of  paper  and  paper  articles  is  now  extensively  carried 
on  throughout  the  whole  country.  About  one  thousand  paper-mills  and 
factories  are  employed,  generally  merely  manufacturing  the  cheap  and 
common  goods,  in  preference  to  the  more  expensive  qualities.  They 
have,  however,  already  arrived  at  an  annual  production  of  macbiue- 
paper  valued  at  50,000,000  thalers  j and  in  the  year  1872  they  were  able 
to  supply  foreign  markets  with  20,000,000  kilograms  more  than  their 
importations,  after  having  satisfied  domestic  demands.  The  treatment  of 
wood  for  the  purpose  of  manufacturing  paper-pulp  is  largely  practiced. 
Paper-hangings  are  manufactured  in  great  perfection  in  Hessen,  Rhine- 
land, Franconia,  Thuringia;  paste-board  and  card- work  in  Frankfort  on- 
the-Main,  Dresden,  and  Leipsic.  Articles  of  papier-mache  are  made  in 
Thuringia  and  the  mining  districts. 

339.  Machinery,  and  history  of  its  manufacture.— The  official 
statement  made  to  the  International  Jury  relative  to  the  manufacture  in 
Germany  of  machinery  and  means  of  transportation  was  quite  full,  and 
the  following  account  is  undoubtedly  accurate. 

Germany  seems  to  have  taken  an  active  part  in  the  development  of 
this  industry  during  the  last  century.  The  spinning-wheel  and  the 
watch  and  clock,  the  steam-engine,  the  invention  of  which  Otto  Von 
Guericke  took  part,  and  one  form  of  which  was  invented  at  the  German 
University,  Marbourg,  the  water-pressure  engine  which  is  claimed  to 
have  been  first  developed  in  Germany,  and  the  fly -press  and  its  appli- 
cations, had  all  been  extensiv^ely  introduced  at  a v^ery  early  date.  In 
entering  upon  the  manufacture  of  these  machines,  Germany  has  been 
behind  her  neighbors.  The  business  took  shape  very  gradually,  and  the 
exact  date  cannot  be  given,  but  it  occurred  at  about  the  time  when  Ger- 
many began  to  rally  from  the  effects  of  those  great  wars  which  occurred 
at  the  beginning  of  the  present  century,  which  changed  its  political  re- 
lations so  completely.  About  1820,  Germany,  stimulated  by  the  influ- 
ence of  England  and  Belgium,  began  to  manufacture  machinery  for  the 
general  market. 

340.  Prime  movers. — At  about  that  time  the  manufacture  of  steam- 
engines  was  taken  up  in  Prussian  Rhineland.  At  first  the  production 
was  limited  to  supplying  the  demands  of  the  mining  and  smelting  in- 
dustries, which  were  then  the  most  important  in  the  country.  The  steam- 
engine  manufacture  of  Rhineland  and  VTestphalia  still  has  there  its 
largest  market.  Recently  the  manufacture  of  gas-engines  has  been 
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taken  up  with  that  of  steam-engines  in  the  above  district.  This  busi- 
ness arose  upon  the  demand  of  the  smaller  industries  for  prime  movers  of 
moderate  power.  Several  machine-tool  manufactures  have  also  been 
added  to  the  abov’e  on  the  Lower  Rhine,  among  which  the  principal  are 
the  machines  used  in  mining  and  smelting.  They  were  not,  however 
well  represented  in  the  Exhibition. 

On  the  Upper  Rhine,  and  in  the  southwest  of  Germany,  the  manufact- 
ure of  water-wheels,  especially  of  turbine  water-wheels,  is  developing 
rapidly,  water-power  being  there  largely  available.  This  is  also  the 
case  in  Alsace. 

341.  Textile  MACHiNERY.--The  business  of  manufacturing  machin- 
ery for  cotton-spinning,  weaving,  and  finishing  has  its  main  centers  at 
Mlilhausen  and  Thaun,  and  has  been  greatly  developed  in  Alsace  by 
the  progress  of  the  manufacture  of  textile  fabrics.  At  the  same  places 
and  in  Graffeustaden  the  manufacture  of  machines  for  working  metals 
and  wood  is  also  growing.  On  account  of  the  extensive  production  of 
textile  fabrics,  machinery  adapted  to  that  use  was  produced  at  an  early 
date  in  Saxony,  both  for  cotton  and  for  wool,  and  to  a-less  extent  for 
linen  goods.  The  London  Exhibition  of  1851  induced  the  capitalists  of 
Saxony  to  enter  upon  machine-tool  manufacture.  This  is  at  present 
one  of  the  most  extensive  branches  there  carried  on,  furnishing  machines 
for  working  metal  and  wood  which  are  of  excellent  quality. 

342.  Light  MECHANISM, — The  Prussian  province  of  Saxony  and  the 
neighboring  districts  have  developed  the  manufacture  of  sugar-makino- 
machinery  also.  The  manufacture  of  manometers,  or  pressure-gauges, 
and  other  attachments  to  steam-boilers,  is  actively  carried  on*Iipon  a 
grand  scale  in  the  establishment  of  Schaffer  & Budenberg,  in  Magde- 
burg.  Their  spring-gauges  are  sold  all  over  the  world.  These  *and 
other  establishments  have  also  begun  to  build  parts  of  machines  and 
this  branch  of  their  business  is  mpidly  growing  and  promises  to  pros- 
per. TLe  articles  now  manufactured  there  are  principally  valves,  cocks 
and  small  brass  goods.  The  manufacture  of  parts  of  machinery  of 
transmission,  such  as  coupling,  wheels  and  pulleys,  has  not  yet  been 

lully  organized,  and  they  are  still  only  made  to  order  and  are  not  given 
standard  forms.  ° 

343.  MAOuiNE-snoPS.— At  Berlin,  the  manufacture  of  macbinerv  was 
commenced  by  the  iron  foundries,  which  gradually  developed,  and  were 
transformed  into  machine-shops.  These  at  first  produced  all  kinds  of 
machinery,  but  they  gradually  each  assumed  a special  character 

The  manufacture  of  locomotives  is  the  most  important  of  these  in- 
dustries. The  building  of  machine-tools,  steam-engines,  hot-air  engines, 
printing-machinery,  machines  for  brewing,  sngar-makiug  machinery 
agricultural  implements,  and  large  numbers  of  sewing-machines,  and 
those  manufactures  lately  developed,  are  all  extensively  carried  on  in 

eriin.  This  city  has  become  one  of  the  most  important  centers  of  the' 
German  machine-industry. 
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Machine-shops  are,  however,  distributed  over  all  Germany.  The 
following  figures  exhibit  the  weight  of  imports  and  exports  of  machinery 
from  1866  to  1871: 


Year. 

Import, 

Export. 

18157 

Centners. 
226, 02.7 
226,  914 
217,  223 
292,  566 
287, 221 
315,  424 
663,  720 

Centners. 
144, 157 
209, 129 
280, 960 
411,088 
422, 367 
482, 917 
771, 209 

1868 

1869 

1870  

1871 

1872 

— - — - - - — - — - 

An  increased  consumption  of  machinery  of  foreign  make  is  indicated, 
and  also  a continual  increase  in  the  export  of  machinery.  Germany  did 
not  fully  meet  its  own  demand  for  machinery  at  the  time  of  the  Paris 
Exposition  of  1867,  but  it  now  assists  in  supplying  the  markets  of  the 
world. 

341.  Progress  of  invention. — The  earliest  manufacture  of  machin- 
ery occurred  in  the  year  1801.  The  first  extensive  production  of  hand- 
looms  was  by  Hanbold,  at  Chemnitz,  1826.  Pickers  and  lappers  were 
first  built  in  1842.  From  that  time  this  manufacture  gradually  devel- 
oped by  the  invention  of  important  improvements  at  home,  such  as  the 
construction  of  Hartmann’s  fine  carding-engine  for  short  wool,  (Saxon 
Patent,  v.  13,  December,  1842,)  and  by  the  independent  development  of 
the  power-loom  by  Schonherr,  in  Chemnitz,  1836;  of  the  cloth-finishing 
machine  and  the  shearing-machine  by  Thomas,  of  Berlin,  1845;  Gess- 
ner,  in  Aue,  1853;  and  by  Pressprich,  at  Grossenheim,  of  his  fulliug-raill, 
in  1854.  The  self-acting  carding-engines  by  Schimmel,  Pfaff,  Wiede, 
and  others;  the  calico-printing  machines  and  dyeing  and  finishing  ma- 
chines by  Hummel,  of  Berlin,  1840,  and  by  Kiesler,  at  Zittern,  and  the 
knitting-machines  made  by  Voight,  at  Kappel,  1860,  are  also  note- 
worthy. Eight  hundred  and  seventy-eight  patents  have  been  issued  in 
Saxony  during  the  last  forty  years  (1833-’72)  on  inventions  connected 
with  the  manufacture  of  textile  fabrics,  and  of  these  574,  65.4  per  cent., 
were  taken  out  by  Saxons  and  304  by  foreign  inventors. 

345.  The  manufacture  of  sewing-machines^  from  American  designs,  dates 
as  far  back  as  the  year  1854.  Moore,  of  Berlin;  Hofmann,  of  Hesse; 
Huber,  of  Leipsic,  build  sewing-machines,  and  the  workmeu  come  from 
among  the  best  classes  of  mechanics.  The  most  important  seats  of 
this  manufacture  are  Dresden,  Hamburg,  Berlin,  Limbach,  Chemnitz, 
Mannheim,  P'rankfort-on-the-Main,  and  Carlsruhe.  The  total  produc- 
tion up  to  the  end  of  1872  has  been  estimated  at  300,000  machines. 
The  factory  of  Clemens  Miiller,  in  Dresden,  was  founded  in  1850,  and 
furnishes  18,000  machines  annually.  Its  capacity  has  been  increased 
up  to  60,000  or  80,000.  The  sewing  machine  factory  (formerly  that  of 
Frister  & Rossraann)  in  Berlin  furnished  16,971  machines  in  1872,  and 
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has  already  built  3,610  in  the  first  two  months  of  1873.  It  has  a capacity 
for  the  production  of  42,000  machines  annually. 

346.  The  dev^elopment  of  stocking-frame  manufactures  occurred  inde- 
pendently of  that  of  other  machines  used  in  textile  industry.  The  in- 
troduction of  the  machine,  with  a peculiar  construction  in  wood,  may 
be  traced  back  to  the  middle  of  the  seventeenth  century  in  the  Saxon 
Erzgebirge.  A reliable  estimate  gives  the  number  of  looms  built  from 
1784  to  1863  at  58,300.  In  1770,  the  iron  frame  was  introduced  by  Au- 
rich  at  Griina,  Esche  at  Limbach,  and  by  Ganzange  in  Zeulenroda.  In 
1853,  Heinig,  of  Keukirchen,  invented  his  machine,  replacing  the  former 
arrangement,  which  allows  the  hand-loom  some  chance  of  competition 
with  the  power-loom  in  manufacturing.  In  1842,  the  first  English  cir- 
cular loom  was  set  up  at  Stollberg,  but  the  building  and  manufacture  of 
these  looms  only  began  about  the  year  1850  in  Limbach,  Stollberg,  Mit- 
weida,  near  Schwarzenberg,  and  in  Chemnitz.  Circular  looms  have 
also  been  manufactured  at  Stuttgart,  by  Stiickler  & Perrot,  since  1862. 
The  ribbon-loom,  a sort  of  power-loom  upon  which  narrow  ribbons  are 
manufactured,  has  a histoiy  going  still  farther  back.  They  were  intro- 
duced from  Holland  at  the  beginning  of  the  seventeenth  century.  Their 
use  was  forbidden  in  1685  by  an  imperial  decree,  and  they  were  again 
introduced  in  1718,  at  Charlottenburg,  and  were  finally,  in  1765,  allowed 
by  a special  decree  of  the  elector.  The  manufacture  of  these  and  of 
other  machines  for  lace- work,  as  braiding-machines,  is  carried  on  in 
small  shops,  especially  iu  Berlin.  They  are  also  built  in  and  about  Au- 
naberg,  iu  Saxony. 

347.  Other  countries  have  competed  more  effectively'  in  Germany  in 
the  sale  of  machines  for  paper-manufacture  than  of  thowse  used  in 
textile  industry.  Switzerland  has  been  most  prominent  in  this  compe- 
tition. The  manufacture  of  rag-engines  had  been  undertaken  by  many 
machine-shops,  but  the  building  of  paper-machines  for  endless  web  was 
for  along  time  only  attempted  occasionally.  This  branch  of  manufac- 
ture is  even  now  the  specialty  of  a single  firm,  Golzern,  iu  Grimma, 
Saxony.  Machines  for  making  paper-pulp  from  wood  were  invented 
and  developed  by  Henry  Volters,  at  Heidenheim,  on  the  Brenz.  Their 
manufacture  is  now  carried  on  by  Decker  Brothers  & Co.,  of  Caunstadt. 
Up  to  the  end  of  1872,  there  had  been  built  in  Europe  212  of  these 
machines,  and  in  America,  as  stated,  150,  a total  of  362  such  machines 
requiring  about  22,000  horse  power,  capable  of  manufacturing  about 
6,000  cwt.  of  pulp.  In  Germany  there  are  about  77  real  Volter  machines 
in  use,  and  numerous  imitations. 

348.  The  inventor  of  the  fly-press,  Fr.  Konig,  who  built  the  first 
printing-machines  in  London  for  the  Times,  in  1817,  started  a factory 
which  was  devoted  to  the  manufacture  of  these  machines,  in  the  Ober- 
zell  convent,  near  Wurzburg.  This  factory  supplied  all  Europe.  It 
had  built  and  sold  1,898  fly-presses  up  to  the  beginning  of  1873,  being 
distributed,  by  date,  as  follows  : 
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1817  to  1830 
1830  to  1840 
1840  to  1850 
1850  to  1860 
1860  to  1872 


52 

54 

186 

314 

1, 292  ' 


Total 1^893  ^ 

Of  these  about  60  per  cent,  were  sold  in  Germany  and  40  per  cent, 
were  sent  to  other  countries.  Russia  has  taken  about  350  presses. 

The  number  of  workmen  employed  exceeds  400.  A second  factory  has 
recently  been  built  near  Wurzburg. 

Dingier,  of  Zweibrucken,  has  been  engaged  in  the  manufacture  of 
iron  hand-printing  presses  since  1841.  Tlie  total  production  was  1,512 
machines  up  to  the  end  of  1872,  of  which  Germany  took  246,  Switzer- 
land 108,  and  Russia  148.  Printing-machinery  is  also  manufactured  iu 
Berlin,  by  G.  Sigl,  Fred.  Janecke,  and  others,  and  in  Leipsic.  Machines 
for  lithographing,  copper-plate  printing,  and  book-binding  have  been 
made  extensively  at  Offenbach,  on  the  Main,  by  Heim  Bros. 

349.  The  manufacture  of  machines  for  the  production  of  articles  of 
food  and  luxury  is  less  localized.  Magdeburg  produces  machines  and 
apparatus  used  in  the  manufacture  of  sugar  j Dresden  supplies  the  ~ 
market  for  chocolate-machinery  ; Chemnitz  furnishes  brewers’  inachin- 
ery;  Brunswick  builds  ice-machines;  Stuttgart,  Leipzic,  and  Dresden 
make  machines  used  in  the  manufacture  of  cigars.  The  manufacture  of 
grain-husking  machines  has  been  actively  carried  on,  since  about  1866, 

at  Frankfort-on-the-Main,  by  the  firm  of  Seek  & Co.  At  the  end  of 
1872,  515  machines  of  this  kind  were  sold,  of  which  241  were  for  Ger- 
many, the  annual  production  being  about  100. 

350.  The  development  of  the  German  machine-tool  business  was 
greatly  retarded  by  the  general  custom  of  each  machine-shop  building 
its  own  machinery.  It  is  true  that  Reichenbach,  in  Munich,  (1804,) 
constructed  several  original  and  ingenious  machine-tools.  He  built  the 
first  file-machine.  The  first  impulse  toward  a general  use  of  machine- 
tools  was  given  by  the  British,  and  through  the  exertions  of  Beuth,  of 
Berlin,  who  imported  the  best  English  models  into  Germany  at  the 
expense  ot  the  Prussian  government,  and  who  had  them  copied,  and 
then  made  them  familiar  to  the  German  manufacturers  by  advertise- 
ment. A.  Hainann,  of  Berlin;  Mannhardt,  of  Munich,  and  Henschel,  | 
of  Cassel,  first  attained  a reputation  in  this  work. 

The  second  period  of  development  was  that  in  which  the  simple  cop3’- 
ing  of  foreign  designs  was  to  some  extent  given  up,  and  building  on 
original  plans  was  commenced.  This  policy  was  inaugurated  about 
1852,  when  several  manufacturers  of  Chemnitz  commenced  the  manu- 
tacture  of  machine-tools  as  a specialty.  Since  that  time,  Chemnitz  has 
sent  machine-tools  to  all  the  countries  of  Europe,  to  South  America, 
and  to  Egypt.  Although  the  manufacture  of  liiachine- tools  originated 
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in  the  demands  of  the  manufactories  of  machines  required  in  the  textile 
industries  and  of  steam-eugines,  it  owes  its  greatest  development  princi- 
pally to  the  recent  development  of  methods  and  means  of  transport,  and 
especially  to  the  demands  of  railroads  for  rolling-stock.  Machinery  for 
the  manufacture  of  fire-arms  has  become  important;  and  of  these  tools 
Chemnitz  furnished  a large  number  to  the  great  gun-factories  of  West- 
phalia, to  the  royal  Prussian  manufactory  of  fire-arms,  to  the  imperial 
Russian  arsenals  and  naval  stations,  and  to  Italy  and  Servia.  The  total 
production  of  the  “Chemnitzer  Werkzeugmaschinenfabrik,”  (1.  Zimmer- 
mauu,)  amounted,  at  the  eud  of  the  year  1872,  to  10,000  machines,  and 
that  of  the  “ Sachsische  Maschiueufabrik,”  (Rich,  flartmauu,)  to  2,645 
machine-tools  of  all  kinds. 

After  Chemnitz  come  Graffenstaden  and  Miilhauseii  and  Berlin  ; 
Ofi‘enbach,on  the  Main,  Stuttgart,  Carlsruhe,  Hamm,  in  Westphalia ; Aue> 
near  Schneeberg^  all  towns  of  importance  iu  the  machine-tool  business.  I. 
Banning,  of  Hamm,  furnished  to  date  350  steam-hammers,  with  a weight 
of  ‘‘  tup,”  or  drop,  varying  from  2 cwt.  to  120  cwt.  Kirchei’s,  of  xVue, 
since  1863,  has  made  a specialty  of  tinsmith’s  tools.  He  built  642  ma- 
chines iu  the  year  1870. 

A peculiarly  German  specialty  is  the  manufacture,  by  Uhlhorn,  at 
Grevenbroich,  of  coiuiug-presses  fitted  with  a lever  combination.  The 
first  machine  of  this  kind  was  furnished  by  Dietrich  Uhlhorn  to  the  mint 
of  Dusseldorf  in  1818,  to  replace  a screw-press,  of  French  make,  which 
had  been  broken.  Now  twenty-three  states  of  Europe  and  several  for- 
eign states  are  said  to  employ  175  of  these  machines  iu  their  coinage. 
It  is  recognized  as  a most  efficient  machine. 

Recently  the  marked  influence  of  the  manufactures  of  the  United 
States  is  perceivable  in  the  production  of  machine-tools  iu  Germany, 
especially  iu  wood- working  machinery. 

351.  The  manufacture  of  pumps,  bio  wing- machinery,  and  veiitilatiug- 
apparatus  has  not  yet  been  completely  separated  from  that  of  steam- 
engines  and  machine-tools.  Independent  aud  extensive  manufactories 
have,  however,  been  established  for  the  manufacture  of  steam  fire- 
eugiues  at  Dresden,  Heidelberg,  Aix-la-Chapelle,  Stuttgart,  aud  Berlin. 
The  production  of  steam  fire-engines  has  continued  an  iudepeudeut 
industry  iu  Chemnitz  and  Berlin. 

352.  Instruments  required  iu  the  observation  aud  measurements  of 
steam-pressures,  the  measurement  of  speeds,  and  of  the  amount  of  mo- 
tive-power demanded  by  machine-shops,  were  originally  of  foreign  make, 
or  were  occasionally  made  in  the  shop  where  employed.  They  may  well 
be  separately  manufactured  on  a large  scale,  as  the  delicacy  of  the  work 
is  exceptional.  Manufactories  have  been  erected  in  Berlin  and  Magde- 
burg within  the  last  twenty  years  for  the  manufacture  of  spring  pres- 
sure-gauges, the  largest  of  which  establishments,  that  of  Budenberg 
& Schafl'er,  iu  Buchau-Magdeburg,  furnished,  up  to  the  eud  of  1872, 
235,000  gauges.  The  German  laws  regulating  the  erection  of  steam- 
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boilers,  which  direct  that  each  boiler  must  have  at  least  one  pressure 
gauge,  have  been  peculiarly  favorable  to  the  development  of  this  branch 
of  industry.  The  manufacture  of  gas  and  of  water  meters  is  of  equal 
importance,  and  is  a prominent  branch  of  business  in  Berlin,  Dresden, 
and  other  places.  The  single  establishment  of  Siemens  & Halske,  in  Ber- 
lin, had  furnished  11,0G0  water-meters  up  to  the  end  of  1872,  all  of  which 
were  of  original  design.  On  the  other  hand,  the  production  of  veloci- 
meters  and  of  dynamometers  has  only  occupied  a single  establishment. 

353.  Bailroad-plant. — In  the  early  days  of  railways,  about  1840, 
there  were  no  facilities  for  supplying  rolling-stock.  There  was  a com- 
plete absence  of  establishments  for  building  locomotives,  and  these 
were  necessarily  imported  both  from  England  and  America.  Soon, 
however,  men  were  found  capable  of  undertaking  this  work.  Among 
them,  the  name  of  August  Borsig  is  best  known.  His  eminently  prac- 
tical good  sense  assisted  effectively  in  the  development  of  this  branch  of 
industry  in  Germany.  Borsig  recognized  the  fact  that  it  was  of  primary 
importance  to  obtain  a reputation  for  good  work,  and  he  therefore 
spared  no  pains  to  make  his  locomotives  superior  both  in  material  and 
workmanship.  A large  iron  mill,  which  existed  many  years  at  the  gates 
of  Berlin,  was  erected  by  this  ^‘man  of  iron  will,”  who,  not  feeling  satisfied 
with  the  guarantee  offered  by  distant  manufacturers,  desired  to  have  his 
boiler-plate,  axles,  and  other  details  in  iron  manufactured  under  his 
own  eye.  Such  energy  was  naturally  crowned  with  full  success.  This 
had  a very  beneficial  effect  upon  the  German  manufacture  of  locomo- 
tives. 

The  superiority  of  Borsig’s  work,  which  soon  became  generally  ac- 
knowledged, crushed  out  all  competition,  even  that  of  native  manufact- 
urers, until  they  determined  to  attempt  to  produce  the  same  quality  of 
work.  It  is  for  this  reason  that  this  branch  of  industry  has  succeeded  so 
well  in  Germany,  and  it  is  claimed  that  it  has  not  only  been  able  to  meet 
domestic  demands,  but  it  has  also  been  able  to  compete  successfully 
with  England  and  other  foreign  countries.  Large  locomotive-works 
now  exist  in  Kbnigsberg,  Elbing,  Stettin,  Berlin,  Hanover,  Chemnitz, 
Cassel,  Munich,  Carlsruhe,  Esslingen,  and  in  Graffenstaden  and  Miil- 
hausen,all  together  being  capable  of  building  more  than  1,000  locomotives 
annually,  valued  at  50,000,000  marks,  ($12,000,000).  As  an  indication 
of  the  number  exported,  it  may  be  stated  that  Borsig^s  establishment 
built  1,031  locomotives  from  April  1, 1867,  to  April  1, 1873,  and  of  these 
300  went  to  Kussia  and  30  to  Austria,  Holland,  and  Java. 

354.  Equally  encouraging  progress  has  taken  place  in  the  manufact- 
ure of  cars.  With  exception  of  the  axles,  wheels,  and  springs,  cars 
were  first  made  of  wood  put  together  with  bolts  and  angle-irons. 
Gradually  iron  has  taken  the  place  of  wood,  and  now  the  floor-frames 
are  built  wholly  of  iron  on  many  roads,  their  wear  and  stability  being, 
it  is  said,  thus  considerably  increased. 

The  extended  employment  of  cast-steel  instead  of  cast-iron  is  an  im- 
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provement  which  GermaDy  claims  as  peculiarly  its  own.  It  was  at  first 
an  attempt  to  displace  iron  by  a material  which  then  cost  about  six  times 
its  price,  and  which  had  until  then  only  been  manufactured  on  a small 
scale.  VVeruer,  at  Carlswerk,  near  N'eustadt-Eberswalde,  was  the  first 
to  make  cast-steel  axles  of  good  quality  for  railroad  rolling-stock ; 
Krupp,  of  Essen,  invented  an  ingenious  method  of  making  weldless  cast- 
steel  tires,  and  Meier,  of  Bochum,  cast  excellent  steel  disk-wheels  iii 
one  piece.  These  three  inventions  have  found  extensive  application. 
Iron  is  almost  displaced  on  some  roads,  with  great  advancement  in 
safety  and  durability  and  in  the  working  capacity  of  the  cars.  Even 
the  comfort  of  traveling  has  been  thus  greatly  increased.  A great  im- 
provement has  been  made  in  passenger-cars.  Instead  of  the  open  or 
half-open  third-class  cars  used  formerly,  the  practice  is  now  becoming 
usual  of  providing  even  the  fourth-class  cars  with  heating-apparatus  in 
winter  and  of  lighting  them  up  at  night. 

Car-building  establishments  are  distributed  throughout  Germany  in 
larger  numbers  than  locomotive-works,  and  not  only  in  the  towns 
mentioned  as  the  sites  of  locomotive- works,  Chemintz  excepted,  but  at 
Greifswalde,  Gbrlitz,  Breslau,  Dusseldorf,  Hagen,  Cologne, Deutz,  Frank- 
fort-on-the-Main,  Mayeuce,  Brunswick,  Hamburg,  and  Ludwigshafen. 

* These  establishments  also  export  extensively,  turning  out  about  30,000 
cars  annually,  valued  at  about  90,000,000  marks,  ($22,000,000.) 

355.  By  the  employment  of  higher  steam-pressures,  and  by  a more 
complete  utilization  of  the  adhesion  of  the  locomotive,  its  tractive  power 
has  been  increased  threefold  over  the  earlier  practice.  The  capacity  of 
the  freight-cars,  as  compared  with  their  weights,  has  been  increased  con- 
siderably. While  formerly  the  tare-weight  amounted  to  about  one-half 
the  gross-weight,  it  has  now  fallen  to  about  one-third  or  one-fourth. 

In  consequence  of  these  improvements,  rates  of  freight  have  been 
reduced  without  decreasing  the  income  of  the  roads,  and  in  spite  of  the 
higher  prices  of  materials  and  labor.  The  official  report  to  the  Inter- 
national Jury,  from  which  these  facts  were  principally  obtained,  may 
therefore  truly  consider  these  branches  of  industry  as  the  great  levers 
in  national  economic  advancement. 


CHAPTEE  III. 


GERMAN  MANUFACTURING  ESTABLISHMENTS  AND  TECHNICAL  SCHOOLS 

Dresden — the  polytechnic  school;  Freiberg — the  Berg-Academie ; Berlin— 
THE  Borsig  Locomotive  Works — the  Bau  Academie — the  Gewerbe  Schule; 
Essen — Krupp’s  works — Krupp’s  mines  and  smelting-works^products  of  his 
establishment — Krupp’s  ordnance — comparison  of  Krdpp’s  with  British  and 
American  details. 

356.  Dresden.— The  first  stopping-place  after  leavingVienna  wasDres. 
den,  the  seat  of  a fine  technical  school  and  a favorite  place  of  residence 
of  Americans  visiting  Europe.  There  are  no  manufactures  here  that 
demand  report. 

The  technical  school  is  not  well  provided  with  apparatus,  and  its  col- 
lection of  models  is  not  remarkable  either  for  its  extent  or  its  interest. 
There  are  some  excellent  collections  illustrating  the  processes  of  textile 
manufacture  which  are  used  in  the  course  of  instruction  given  by 
Prof.  Dr.  E.  Hartig,  a colleague  on  the  International  Jury,  to 
whom  the  writer  has  been  greatly  indebted  for  valuable  information. 
Among  the  models  of  machinery  is  a fine  locomotive  presented  to  the 
school  by  the  builder,  Richard  Hartman,  of  Chemnitz.  A model  of  a 
‘‘Jonval”  water-wheel  was  a reminder  that  it  is  here  claimed  that 
Henschel,  of  Cassel,  invented  this  turbine,  and  that  Jonval  had  seen  it 
here  some  years  before  he  brought  it  out  as  the  Jonval  wheel.  The 
work  done  here  by  the  students  is  unusually  fine.  They  spend  a large 
amount  of  time  upon  the  preparation  of  elaborate  theses.  One  student 
had  made  a very  complete  set  of  excellent  drawings  representing  a 
windlass  with  its  gearing  j another  had  designed  a neat-looking  Fair- 
bairn  crane;  still  another  had  made  designs  for  a cotton-mill,  including 
buildings  and  the  placing  of  machinery ; another  student  had  produced, 
as  an  original  design,  a Meyer  valve-gearing,  to  which  the  Porter 
governor  had  been  applied  for  regulation. 

One  of  the  best  pieces  of  work  exhibited  by  Prof.  Weiss,  who  kindly 
acted  as  guide  in  the  absence  of  other  professors,  was  a set  of  drawings 
and  specifications  for  the  water-supply  of  a large  city,  and  all  necessary 
calculations  to  determine  cost  and  relative  efficiency  of  methods.  The 
students  give  a considerable  amount  of  time  to  such  work,  as  is  evidenced 
by  the  quantity  of  work  accomplished.  Sixteen  hours  a week  are  usually 
devoted  to  such  problems  in  the  drawing-rooms,  and,  in  addition  to  this, 
the  student  attends  lectures  in  the  several  auxiliary  academic  depart- 
ments. Such  designs  as  we  were  able  to  inspect  were  usually  well 
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made,  and  in  some  cases  they  exhibited' a remarkable  amount  of  inven- 
tive genius — a rare  quality  in  Europe — and  were  invariably  well  propor- 
tioned. It  is  in  such  schools  as  this  that  the  German  youth  are  acquir- 
ing a knowledge  of  the  science  of  engineering,  and  that  skill  in  the  work 
of  the  drawing-room  which  has  done  so  much  for  their  own  country  dur- 
ing the  last  quarter  or  half  century,  and  which  has  enabled  them  to  find 
their  way  into  the  best  manufacturing  establishments  in  the  United 
States,  and  to  monopolize  so  considerably  some  special  departments  of 
work.  At  home,  where  the  shops  and  the  professions  are  alike  over- 
crowded, they  find  few  opportunities  for  advancement.  In  the  United 
States  opportunities  are  vastly  more  frequent,  and  these  graduates  of 
German  schools  are  taking  advantage  of  them. 

On  the  river  at  Dresden  we  noticed  Schiffiniihle,  (floating  tide-mills,) 
which  were  evidently  finding  plenty  of  work.  A Kette-dampf,  or  steamer 
driven  by  the  now  well  understood  system  of  chain- to  wage,  was  plying 
between  the  city  and  the  smaller  villages  up  the  stream.  Sev’eral  long 
barges  on  the  river  were  fitted  with  rude  ‘‘balanced  rudders,”  such  as 
are  generally  supposed  to  have  been  original  in  the  United  States* 
Visiting  the  famous  picture-gallery,  we  saw  an  old  painting  in  which 
was  shown  a peculiar  form  of  saw,  upon  which  several  patents  have  been 
issued  in  this  country,  and  which  is  claimed  to  be  one  of  the  most  valua- 
ble of  new  inventions ; the  picture  was  numbered  1748,  and  painted  by 
Croch  three  hundred  j'ears  ago. 

857.  FREiBERa. — While  at  Dresden,  a day  was  taken  fora  visit  to  the 
celebrated  mining-school  of  Freiberg,  which  is  situated  not  far  distant, 
ill  the  midst  of  a hilly  mining-country  which  resembles  somewhat  some 
of  the  pleasantest  portions  of  New  England.  This  old  Saxon  city  con- 
tains the  Berg-Academie  to  which  so  many  American  students  are  in- 
debted for  their  knowledge  of  the  theory  and  methods  of  mining.  The 
surrounding  country  is  rich  in  ores  and  minerals,  and  is  interesting  both 
to  the  metallurgist  and  the  mineralogist.  The  town  itself  is  quaint  and 
interesting  from  the  evident  antiquity  of  the  buildings  which  line  its 
principal  streets,  but  it  contains  nothing  especially  interesting  to  an 
engineer. 

The  school  is  in  the  city,  and  consists  of  a number  of  departments  di- 
rectly or  indirectly  connected  with  the  work  of  instruction  in  mining- 
engineering.  The  high  character  of  its  work  and  the  distinction  obtained 
by  its  faculty  have  been  long  well  and  widely  known,  and,  together 
with  its  exceptional  advantages  of  location,  these  inducements  have 
made  it  quite  a successful  institution. 

The  collection  of  models  is  an  excellent  one.  Many  of  them  have 
been  made  here,  and  a large  number  of  duplicates  have  been  made  also 
for  foreign  schools.  We  found  a considerable  number,  wholly  or  par- 
tially finished,  for  schools  of  mines  in  the  United  States.  Among  these 
models  was  one  representing  a mine  with  its  shafts  and  its  galleries,  its 
hoisting  and  pumping  machinery,  and  all  accessory  apparatus.  It  was 


364 


VIENNA  INTERNATIONAL  EXHIBITION,  1873. 


worked  by  clock-work,  and  gave  the  visitor  a very  perfect  idea  of  the 
general  management  of  a large  mine  and  of  the  method  of  working.  A 
large  number  of  models  of  pumps,  water-wheels,  and  steam-engines? 
such  as  are  commonly  used  in  mines,  gave  one  an  excellent  opportunity 
to  study  the  forms  and  applications  of  such  details.  A model  of  a pair 
of  direct-acting  steam-engines,  in  section,  was  unusually  well  madej 
another  represented  the  Cornish  pumping-engine,  and  was  made  in 
metal.  This  could  be  driven  either  by  steam  or  air.  The  price  asked  for 
it  was  1,550  thalers.  It  was  of  about  8 inches  diameter  of  steam-cylinder 
and  18  inches  stroke  of  piston,  constructed  to  a scale  of  1 J inches  to  the 
foot  from  an  original  of  80  horse  power.  A fine  set  of  boring-tools,  for 
mines  or  for  artesian  wells,  was  on  exhibition ; a good  model  of  a blow- 
ing-wheel, a double  blowing-engine,  with  one  cylinder  in  section,  sev- 
eral smelting-furnace  models,  filled  w ith  hot  blast,  and  with  cone  and 
hopper  charging-apparatus,  models  of  puddling  furnaces,  and  other 
equally  useful  models  for  mining  schools  were  among  the  collections, 
and  duplicates  were  to  be  had  by  purchase.  These  models  were  usually 
constructed  in  pear-wood,  and  were  well  made  and  nicely  finished. 
The  prices  were  moderate,  but  it  requires  a very  long  time  to  fill  an 
order.  Five  men  were  employed  in  making  these  models,  and  the  profit 
obtained  from  their  work  on  material  sold  was  sufficient  to  sui)ply  a con- 
siderable amount  of  valuable  material  to  the  school.  Although  this  is  an 
excellent  and  well-appointed  school,  it  is  a matter  of  congratulation  that 
we  now  have  equally  good  schools  of  mines  in  the  United  States,  in 
which  our  young  men  may  find  equally  good  opportunities  to  acquire  a 
knowledge  of  the  subject,  both  by  lecture-room  instruction  and  by  prac- 
tical acquaintance  with  under-ground  work.  The  importance  of  such 
knowledge  in  the  development  of  the  immense  mineral  resources  of  our 
country  is  well  understood,  and’ such  schools  are  now  frequently  founded 
and  are  often  well  endowed.  The  profession  of  mining-engineering  is 
an  attractive  one,  and  there  are  many  young  men  in  the  United  States 
whose  tastes  and  mental  powers  are  peculiarly  well  adapted  to  such 
work.  We  are,  therefore,  not  at  all  dependent  upon  Europe,  either  for 
such  material  or  for  its  education,  and  the  working  of  our  mines  may 
be  expected  to  be  intelligently  and  profitably  conducted,  and  our  min- 
ing regions  will  be  as  rapidly  developed  as  the  growth  of  the  nation 
and  its  agriculture  and  manufacturing  industries  may  require. 

358.  Berlin. — Keturning  to  Dresden,  we  next  took  the  train  for 
Berlin,  and  rode  through  a pleasant  but  somewhat  monotonous  country. 
The  planting  of  trees  along  all  roads  and  along  the  borders  of  the  fields 
was  a feature  which  reminded  an  American  of  the  fact  that  in  the 
United  States  the  importance,  the  vital  necessity,  of  such  compensation 
for  the  loss  of  the  forests  is  not  at  all  appreciated,  and  that  the  danger 
of  serious  results  from  the  rapid  changes  of  climate,  such  as  invariably 
accompany  the  deforesting  of  a country,  is  becoming  imminent.  Public 
attention  is  slowly  becoming  attracted  to  this  subject,  and  it  is  to  be 
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hoped  that  prompt  and  intelligent  legislative  action  may  avert  those 
consequences. 

The  country  about  Berlin  is  smooth  and  perfectly  level,  as  it  is  through 
all  that  part  of  Europe,  and  the  whole  country  is  dotted  with  such  wind- 
mills as  were  familiar  to  all  in  the  United  States  a few  years  ago.  The 
improved  forms,  now  so  common  in  this  country,  with  self-adjusting 
sails  and  self-directing  apparatus  and  regulation,  are  not  seen  in  Prussia. 

The  Borsig  Locotnotive- Works  are  at  Berlin.  This  establishment  is 
one  of  the  largest  and  most  important  of  its  class  in  Europe.  It  is  stated 
to  have  supplied  more  than  one-third  of  all  the  engines  supplied  to 
German  railroads.  The  Borsig  property  consists  of  the  locomotive- 
works,  which  are  located  in  the  city  of  Berlin,  the  boiler  and  forge  shops, 
which  are  at  Moabit,  in  the  suburbs,  and  the  iron  and  steel  works,  which 
are  at  the  mines.  Of  these  works  but  little  can  be  learned,  that  is  im- 
portant to  the  engineer,  in  reference  to  their  production.  It  was  stated 
that  up  to  1870  the  German  roads  had  purchased  5,455  engines,  of 
which  1,900  were  constructed  at  the  “ Borsigsche  Austalt,”  in  Berlin 
where  158  were  made  in  that  year  alone,  and  that  the  capacity  of  that 
establishment  is  sufficient  for  the  production  of  about  175  per  annum. 
The  “Gesellschaft  fiir  Fabrication  von  Eisenbahnbedarf  ” built  in  that 
year  over  2,500  railroad-cars,  for  which  the  receipts  amounted  to  3,500,000 
thaler,  and  the  Moabit  establishment  produced  over  a thousand  tons 
of  apparatus.  The  number  of  workmen  employed  in  the  city  is  not  far 
from  1,500,  and  their  capacity  is  sufficient  to  work  2,000  men.  They 
work  eleven  hours  per  day,  and  are  paid  from  ten  to  fifteen  thaler  per 
week.  The  buildings  are  quite  well  planned  and  well  arranged,  and 
the  new  structures  in  course  of  erection  were  well  disposed  and  well 
lighted.  Of  the  tools  many  were  old,  but  some  new  tools  had  been  im- 
ported from  England,  which  were  of  the  best  recent  design. 

In  the  locomotive-works  the  methods  of  work  are  quite  similar  to 
those  observed  in  the  majority  of  other  establishments  in  Europe.  En- 
gine-frames are  made  from  rolled  plates  and  trimmed  up  by  a machine 
of  peculiar  design,  constructed  for  this  work.  It  is  fitted  with  four  inde- 
pendent tool-posts,  which  can  be  moved  in  all  directions  by  independent 
feeds;  the  direction  of  the  cutting-edge  is  adjustable,  to  suit  the  direc- 
tion of  motion  of  the  tool.  The  thickness  ot  metal  usually  adopted  is 
30  millimeters,  (1.2  inches,)  but  the  tender-frames  are  of  lighter  plate, 
usually  but  ten  millimeters  thick.  Wheels  are  invariably  of  forged  iron. 
The  boilers  are  usually  of  iron,  rarely  of  steel.  Fire-boxes  are  made  of 
copper  in  nearly  all  cases;  steel  is  experimentally  adopted  in  a few  in- 
stances. The  tubes  are  often  made  of  iron,  with  a portion  added  at  the 
fire-box  end  which  is  composed  of  copper — a peculiarity  of  locomotive 
practice  which  we  had  not  observed  elsewhere. 

At  the  boiler-works  the  riveting  was  all  done  by  hand,  so  far  as 
observed.  The  heads  of  rivets  were  usually  made  by  the  use  of  a 
former  driven  by  a heavy  hammer  or  light  sledge,  and  the  shape  was 
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usually  that  of  the  snap  or  hemispherical  head.  The  practice,  which  is 
not  uncommon  in  Great  Britain,  but  which  is  rarely  seen  in  the  United 
States,  of  punching  the  holes  somewhat  smaller  than  it  is  proposed  to 
finish  them,  and  of  enlarging  by  drilling  to  size,  was  quite  generally 
adopted  here.  It  makes  good  work,  looks  well,  and  is  very  strong.  It 
is  superior  to  the  conical- headed  riveting  commonly  seen  in  the  United 
States,  and  some  of  our  buil  ders  are  adopting  it  even  where  the  work  is 
done  by  hand.  In  steam-riveting  the  snap-head  is  universally  used. 

The  first  locomotive  built  at  the  Borsig  Works  was  completed  July  21, 
1841,  by  the  founder,  who  has  but  .recently  died.  He  was  greatly  re- 
spected and  beloved  by  his  work-people,  over  whom  he  watched  with 
paternal  care.  One  of  the  evidences  of  this  care  is  the  large  dining-hall 
and  refectory,  in  which  workmen  are,  when  they  desire,  supplied  with 
meals  between  8 o’clock  and  8.30  a.  m.,  12  and  1 at  noon,  and  from  4 to 
4.30  p.  m.  The  married  workmen  usually  go  to  their  own  homes,  or  bring 
their  meals  and  eat  here  with  the  unmarried  men,  who  usually  obtain 
their  food  at  this  restaurant. 

These  works  are  supplied  w ith  iron  and  steel  from  branch  establish- 
ments in  Upper  Silesia. 

The  Borsig  Iron- Works  were  established  in  1863.  There  are  four 
blast  furnaces,  which  yield  about  30,000  tons  per  annum  of  manganifer- 
ous  iron  of  excellent  quality.  There  are  also  extensive  puddling  and 
steel  works  with  three  Siemens-Martin  furnaces. 

About  3,500  men  are  employed,  and  the  45  engines  in  the  establish- 
ment are  collectively  of  4,400  horse  power.  These  works  make  excel- 
lent boiler-plates  from  pig  from  brown  Silesian  hematite  ores,  mixed 
with  Styrian  and  Hungarian  spathic  ores.  The  following  are  averages 
of  a series  of  tests  recently  made  with  samples  of  boiler  plates  by  Mr. 
David  Kirkaldy.  The  length  of  the  samples  used  in  the  experiments 
for  tensile  strains  was  in  each  case  18  inches,  the  ends  for  a length  of  4 
inches  being  made  wider  than  the  body  of  the  sample.  In  the  tests  for 
bulging  stress,  discs  12  inches  in  diameter  were  cut  out  of  the  plates  and 
pressed  into  an  aperture  10  inches  in  diameter. 


Table  I. — Tensile  stress. 


• 

Thickness,  inches. 

Stress. 

Katio  of  elastic  to  ultimate 
strength. 

Contraction  of  area  at  frac- 
ture. 

Stress  per  square  inch  of 
fractured  area. 

Extersion, 
per  cent. 

Elastic  per  square 
inch. 

Ultimate  per  square 
inch. 

At  40,000  pounds  per 
square  inch.  ' 

Ultimate. 

Lengthwav— 

Unannealed 

.64 

29, 125 

53,  405 

54.5 

27.4 

73.  492 

4.97 

23.8 

Annealed 

.64 

28,  523 

50,  466 

56.5 

27.3 

70,  097 

5.93 

42.7 
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Table  II. — Bulging  airess. 


CO 

00 

Stress  in  pounds ; bulged,  inches. 

Ultimate. 

50,000. 

100,000. 

150,000. 

200,000. 

Bulge. 

Stress. 

TJnannealed 

.640 

.95 

1.  57 

2.07 

2.60 

Inches. 

3.26 

Pounds, 

233.410 

Annealed 

.640 

.90 

1.  49 

1.  95 

2.39 

2.69 

223, 375 

Table  III. — Bending  teat. 


Description. 

Angle. 

Effects. 

Hot 

Lengthway 

o 

180 

180 

180 

57 

Uncracked. 

Do. 

Slightly  cracked. 

Do'. 

Do 

(yros.swny 

Cold ; 

Length  way ... 

Do 

Crossway 

Of  tbe  four  samples  submitted  to  bulging  stress,  one  of  the  annealed 
and’ both  the  unannealed  ones  burst  on  arrisdng  at  the  maximum  strains 
recorded. 

.•  359.  The  Bau- Academic^  of  Berlin,  is  a technical  school  of  high- 
standing,  which  is  educating  050  students — its  full  complement.  Its 
course  of.instruction  is  almost  purely  scientific.  The  establishment  has 
some  v^ery  fine  models  in  its  extensive  collections,  the  best  of  which*are 
bridge-models.  Some  of  these  are  very  large  and  are  perfect  reproduc- 
tions in  all  but  size  of  the  structures  from  which  they  are  modeled.  A 
very  large  and  complete  collection  of  architectural  models  in  plaster  is 
a very. valuable  feature.  Every  well-known  form  of  structure  and  of 
detail  is  shown  here,  with  occasionally,  the  finer  work  exquisitely  reduced 
to  scale.  The  buildings  are  not  of  modern  form,  and  the  rooms  are  not 
as  well  arranged  as  are  those  of  many  other  schools. 

The  Oewerhe  Schule  is  also  a technical  school  of  admittedly  high 
standing,  and  is  probably  one  of  the  best  in  the  i)er sonnet  of  the  estab- 
lishment, in  its  buildings,  and  in  collections  to  be  found  in  Europe. 
The  director  is  Dr.  Eeuleaux,  a well-known  writer  on  subjects  con- 
nected with  mechanics  and  engineering,  and  a member  of  the  Inter- 
national Jury,  Vienna.  The  faculty  is  moderately  large,  and  comprises 
among  its  members  some  of  the  best  known  among  the  younger  scien- 
tific men  of  Germany.  The  buildings  are  not  remarkable  for  either 
arrangement  or  construction,  but  some  of  the  lecture-rooms  are  well 
fitted  up,  and  especial  care  is  taken  in  ventilation  of  those  which  are 
artificially  lighted.  This  school  has  a remarkably  fine  collection  of 
models  of  geometrical  and  mechanical  apparatus.  Several  workmen 
are  kept  constantly  employed  in  the  little  machine-shop  of  the  establish- 
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power  each,  2 of  SO  liorse-povrer  each,  3 of  100  horse  power  eacli,  1 of 
120  horse  power,  5 of  150  horse-power  each,  1 of  200  horse  power,  1 of 
500  horse  power,  3 of  800  horse  power  each,  1 of  1,000  horse  power, 
represeutiu",  altogether,  nearly  10,000  horse-power. 

Of  machine-tools  there  were  1,05G,  viz  : 3G2  turning-lathes,  82  shaping- 
machines,  195  boring-machines,  107  plaiiing-machines,  42  punching  and 
grooving  machines,  32  presses,  63  grinding-machines,  31  burnishing  and 
polishing  machines,  143  other  machines  of  different  kinds. 

In  the  year  1872  there  were  consumed  500,000  tons  of  coal,  125,000 
tons  of  coke,  113,000,000  cubic  feet  of  water,  which  was  supplied  from 
several  water-works,  155,000,000  cubic  feet  of  gas,  supplied  from  the 
gas-works  of  the  establishment  to  16,500  burners.  The  works  are  con- 
nected with  the  “Oologne-Minden,”  “ Bergisch-Markesch,”  and  the 
“ Rhenish”  lines  of  railroad. 

To  facilitate  the  traffic  about  the  works  there  are : 

{a)  xVbout  twenty-four  miles  of  railroad,  with  180  sidings  and  39  turn- 
tables, on  which  run  12  tank-locomotives,  each  of  about  16  inches 
diameter  of  cylinder,  and  530  cars.  Six  more  locoinotiv^es  are  in  course 
of  construction. 

{h)  About  ten  miles  of  railway  of  30  inches  gauge,  with  147  sidings 
and  65  turn-tables.  The  traffic  on  these  railways  is  carried  on  by  means 
of  horses,  and  by  3 locomotives  of  6 inches  diameter  of  cylinder,  and  270 
cars.  Four  other  locomotives  are  in  course  of  construction. 

The  carriage  department  comprises  272  cars  and  19 L horses,  of  which 
60  or  80  are  supplied  by  contractors. 

To  facilitate  communication  between  the  several  workshops,  there  are 
30  telegraph-stations. 

A permanent  fire-brigade,  consisting  of  70  men,  has  been  instituted, 
who  perform  at  the  same  time  police-duty.  There  are  also  166  watch- 
men. 

The  general  supply-stores,  under  control  of  the  firm,  supply  to  volun- 
tary purchasers,  i.  e.  to  those  belonging  to  the  works,  for  cash,  provis- 
ions, clothing,  drapery,  boots,  &c.,  at  cost-price.  The  receipts  at  the 
different  stores  amount  to  about  £11,000  ($65,000)  monthly,  and  are  con- 
tinually increasing. 

Under  this  head  are  also  to  be  enumerated  : 1 hotel,  3 beer-houses,  1 
sellzer- water  manufactory,  1 flour-mill,  and  1 bakery,  with  2 steam- 
engines,  producing  at  an  average  85  tons  of  bread  monthly. 

Of  the  dwellings  for  the  officers  and  workmen,  there  are  for  the  former 
20G,  for  the  latter  2,948,  either  occupied  or  in  course  of  construction. 
There  are  now  living  in  these  houses,  the  number  of  which  is  being  rap- 
idly increased,  more  than  8,000  individuals.  The  existing  boarding- 
houses offer  board  and  lodging  to  2,500  unmarried  workmen,  and  other 
houses  of  the  same  description  are  now  in  course  of  construction  for  the 
accommodation  of  1,600  more. 

The  arrangements  for  the  accommodation  of  the  sick  consist  of  one  hos " 
24  MA 
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pital  contaiiiiDg  100  beds,  and  one  epidemic-hospital  with  120  beds,  all 
under  the  supervision  of  physicians  especially  engaged  for  the  purpose. 

A sick,  burial,  and  pension  fund  has  been  instituted  for  all  those  who 
receive  wages.  The  firm  contributes  to  this  fund  half  the  amount  of  the 
contributions  paid  in  by  workmen,  and  is  also  at  the  expense  of  provid- 
ing pensions  and  support  for  those  who  have  been  rendered  unfit  for 
work  in  their  service,  and  for  the  widows  of  w’orkmen.  The  total  re- 
ceipts in  the  year  1873  amounted  to  £16,000,  ($80,000,)  the  expenditure 
to  £12,500,  ($62,500,)  and  the  capital  in  band  at  the  begiimiug  of  the 
year  1873  to  £19,348,  ($96,740.) 

From  another  fund,  members  receive  for  their  families  free  medical 
treatment  on  an  annual  payment  of  3 shillings,  (25  cents.) 

The  firm  has  a chemical  laboratory,  a photographic,  a lithographic, 
and  a printing  and  book-binding  establishment.  In  the  printing-office 
there  are  two  steam  and  four  hand  xiresses  in  operation. 

361.  Besides  the  cast-steel  works,  near  Essen,  Friedrich  Krupp  pos- 
sesses large  mining  and  smelting  establishments,  w^hich  render  the  works 
independent  of  fluctuations  in  xmices,  and  secure  a regular  and  uniform 
supx)ly  of  the  best  raw'  material.  This  comprises  : 

1.  The  administration  of  the  Krui^p  mines  : 

{a)  Coal-pits : 

(1.)  Pit  “ Graf  Buest  ;•’ 

(2.)  Pit  Ernestine  j ” 

(3.)  Pit  “ Friedrich  Ernestine ; 

(4.)  Pit  ‘‘  Hannover 

and  one-third  of  the  ‘^Humboldt  and  Diergardt  concessions,”  on  the 
left  bank  of  the  Rhine. 

(b)  The  iron-ore  mines  : 

(1.)  In  the  mining-districts  “ Kirchen,”  “ Daaden,”  Siegburg,” 
“ Hamm,”  and  ‘‘  Neuwied,”  64  mines,  (Nos.  1 to  64.) 

(2.)  Ill  the  mining- districts  ‘‘Wetzlar,”  Weilburg,”  “Dietz,” 
“ Oberhessen,”  “ Rheinhessen,”  and  “ Dilleuburg,”  294  mines, 
(Nos.  65  to  358.) 

(3.)  In  the  mining-districts  “ Hamm  on  the  Sieg,”  “ Wied,”  “Unkel,” 
“ Coblenz,”  and  “ Runderoth,”  56  mines,  (Nos.  359  to  414.) 

Total  number  of  mines  414,  underlying  an  area  of  more  than  230,200,- 
000  square  yards. 

The  firm  jiossesses  important  grants  of  excellent  iron-ore  beds  in 
North  Spain,  whence  it  is  intended  to  import  annually  300,000  tons  of 
ore  for  the  production  of  cast  steel.  To  facilitate  importation,  a rail- 
way in  Spain,  nearly  eight  miles  long,  and  several  steamers  are  already 
in  course  of  construction. 

2.  The  Administration  of  Krupp’s  Smelting- Works  controls: 

(a)  The  Sayuer  and  Oberhammer  Smelting-Works,  containing  two 
blast-furnaces,  one  of  them  using  charcoal  as  fuel.  Together 
they  xiroduce  daily  about  20  tons  of  “spiegeleisen  ” and  “ char- 
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coal  spiegeleisen.’^  An  iron-foundry  and  a machine-manufactory 
are  connected  with  the  “ Sayner”  Works. 

(b)  The  Mulhofer  Smelting’- Works,  on  the  Khine,  connected  by  a 
branch  line  with  the  Rhenish  Railway,  terminating  at  the  Engers 
Station.  They  contain  four  blast-furnaces  (three  of  them  of  the 
latest  Scotch  style  of  construction)  with  pneumatic  lifts.  Each 
of  them  produces  daily  about  45  tons  of  spiegel,  bessemer,  and 
refined  iron. 

(c.)  The  Hermann's  Smelting-Works,  on  the  Rhine  nearNeuwied, 
also  connected  by  a branch-line  with  the  Rhenish  Railway,  has 
at  present  only  one  blast  furnace  in  operation  5 two  others  are, 
however,  in  coi\rse  of  construction. 

(d.)  The  Bendorf  Smelting-Works,  with  one  blast-furnace  of  an 
older  style,  are  not  in  operation. 

(e.)  The  Johannes  Smelting-Works,  formerly  the  property  o*f  the 
German-Dutch  Joint  Stock  Company  for  Smelting  and  Mining, 
near  Duisburg,  on  the  Rhine,  produce  daily,  in  four  blast-furnaces, 
from  140  to  ICO  tons.  The  construction  of  six  more  furnaces  has 
been  commenced,  and  these  works  are  connected  with  the 
Railway  “ Rhenish’’  and  tlie  “ Bergisch-Markisch.” 

These  works  have  also  140  coke-ovens  in  operation,  and  120  more  in 
course  of  construction. 

Krupp’s  Smelting- Works  produce,  from  11  blast  furnaces,  nearly  10,000 
tons  of  pig-iron  per  month. 

362.  An  idea  of  the  character  of  the  work  which  is  done  at  Essen  is 
best  shown  by  the  following  classified  and  condensed,  but  still  quite  com- 
plete, description  of  the  objects  exhibited  at  Vienna  : 

(1.)  A crucible  cast-steel  block,  (1,800  crucibles  were  used,  each  con- 
taining about  GO  pounds,)  54  inches  diameter  of  octagonal  section, 
weighing  52,500  kilograms,  (524  tons.) 

This  casting,  originally  cylindrical,  was  reduced  to  the  octagonal  form 
by  forging  under  a 50-ton  hammer,  to  illustrate  the  malleability  of  the 
material.  Cuts  were  made  in  four  different  places,  while  red-hot,  to 
show,  when  broken  off*  afterward,  the  density  and  soundness  of  thecast- 
.steel.  This  block,  of  gun-metal  quality,  was  intended  for  the  body  of  a 
gun  of  37  centimeters  (14  inches)  caliber,  and  was  to  be  given  the  re- 
quired form  by  additional  forging. 

All  articles  produced  in  the  establishment,  with  exception  of  disk- 
wheels  and  frogs,  which  are  cast  in  molds,  are  forged  and  wrought  from 
similar  castings  of  circular  cross-section. 

(2.)  A straight  locomotive-axle  of  crucible  cast-steel  in  the  forged 
state,  (pattern  of  the  Kortheasteru  Railway  of  Switzerland.) 

(3.)  A forged  tender-axle  of  crucible  cast  steel,  (pattern  of  the  same 
railway.)  The  body  of  this  axle  was  forged  complete  under  the  ham- 
mer, and  required  no  further  working. 

(4.)  Six  carriage-axles  of  crucible  cast  steel,  forged  to  the  dimensions 
agreed  upon  by  the  German  railways. 


372  VIENNA  INTERNATIONAL  EXHIBITION,  1873. 

Production  in  1872  of  unmounted  axles,  in  tbe  forged  and  finished 
state,  16,450. 

The  first  extensiv^e  trials  with  Krupp’s  cast-steel  axles  were  made  in 
tlie  year  1850,  at  Borsig’s  Works,  Berlin,  by  a commission  appointed  at 
a meeting  of  German  railway  engineers,  (pamphlet  by  Landbaumeister 
Dihm,  Berlin,  1850,  printed  by  J.  Petsch.)  Although  the  trials  were 
very  favorable,  Krupp’s  cast-steel  axles  were  not  generally  adopted 
until  the  years  1861  and  1862.  The  production  increased  rapidly,  how- 
ever, so  that  the  firm  supplied  in  1865  more  than  11,000,  while  the  sup- 
ply during  1872  exceeded  16,000  axles. 

(5.)  Two  unwelded  rings  of  crucible  cast  steel,  forged  from  solid 
blocks  by  punching  a hole  in  the  middle  and  then  driving  them  out 
under  a hammer. 

Railway-tires  are  given  the  required  dimensions  and  sections  by 
rolling  such  rings. 

(6.)  Two  samples  of  tires,  rolled  and  complete  ready  for  turning; 
also,  one  tire  ready-turned.  Production  of  1872,  more  than  45,000  tires. 

Up  to  the  year  1853,  only  forged-iron  and  homogeneous-iron  tires 
were  manufactured.  Krupp’s  establishment  is  claimed  to  have  been 
the  first  to  introduce  the  unwelded  cast-steel  tires  for  use  on  railroads, 
and  to  have  caused  them  to  be  generally  adopted.  Since  the  expiration 
of  their  patent  of  1853,  this  method  of  manufacture  has,  in  principle, 
been  imitated  by  all  works  manufacturing  cast-steel  tires. 

(7.)  Two  unwelded  angle-rings  of  crucible  cast  steel  for  steam-boilers, 
made  in  the  same  manner  as  the  tires. 

(8.)  Two  coupling-rods  and  two  connecting-rods  forged  from  crucible 
cast  steel.  Pieces  of  machinery  of  this  description  are  supplied  by  the 
works  in  the  forged  state  only. 

(9.)  Four  piston-rods  forged  from  crucible  cast  steel,  (pattern  of  the 
Central  Railway  in  Switzerland.) 

(10.)  Two  slide-bars  of  crucible  cast  steel,  in  the  forged  state. 

(11.)  Two  pistons,  forged  from  crucible  cast  steel,  (pattern  of  the  Kie- 
derschlesisch-Markisch  Railway.) 

(12.)  Two  locomotive  crank-axles  of  crucible  cast  steel,  one  with 
single  and  one  with  double  bearings.  Both  axles  are  in  the  finished  .. 
state.  Those  crank-axles  which  were  supplied  to  the  French-Orleans 
Railway  during  1857,  1853,  and  1859,  had,  uj)  to  1873,  run  over  500,000 
kilometers,  (312,000  miles,)  and  were  still  in  good  working  order.  • 

(13.)  A locomotive  eccentric  crank,  and  one  driving-wheel  crank,  both 
of  crucible  cast  steel,  in  the  finished  state.  These  pieces  are  supplied 
by  the  works  in  a rough,  or  turned,  or  in  a finished  state. 

(14.)  A set  of  locomotive  and  tender  axles,  (pattern  for  engines  CIV 
of  the  Northeastern  Railway  in  Switzerland,)  consisting  of — 

(a)  One  driving-axle  of  crucible  cast  steel,  fitted  with  tires,  cranks 
of  same  material,  spoke-wheels  of  wrought  iron,  and  cast-iron 
counterweights.  Weight,  2,160  kilograms,  (about  43  cwt.,  or  two 
tons.) 
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(b)  Two  coupling-axles  of  crucible  cast-steel,  fitted  with  tires  and 
crank-pins  of  the  same  material,  spoke-wheels  of  wrought  iron, 
and  cast-iron  counterweights.  Weight  of  each,  1,900  kilo- 
grams, (about  38  cwt.) 

(c)  Two  tender-axles  of  crucible  cast  steel,  body  forged,  fitted 
with  tires  of  same  material,  and  spoke-wheels  of  wrought  iron. 
Weight  of  each,  1,200  kilograms,  (about  24  cwt.) 

Production  in  1873  of  complete  sets  of  locomotive  and  tender  axles, 

475. 

(15.)  Two  carriage-axles  of  crucible  cast  steel,  body  forged,  fitted  with 
tires  of  same  material,  and  spoke-wheels  of  wrought  iron.  Weight  of 
each,  950  kilograms,  (about  19  cwt.)  Axles  and  tires  of  the  dimensions 
approved  by  the  German  railways. 

Production  in  1872,  4,650  sets. 

(16.)  Two  carriage-axles  of  crucible  cast  steel,  fitted  with  disk-wheels, 
cast  in  molds  of  same  material.  Weight  of  each,  1,000  kilograms, 
(about  20  cwt.) 

Production  in  1872,  4,340  sets. 

(17.)  A collection  of  spring-steel  fractures,  and  cross-sections  of  spring- 
steel.  This  steel  is  supplied  in  bars  of  any  section,  not  less  than  10 
millimeters  thick  and  65  millimeters  wide. 

Production  in  1872,  3,000,000  kilograms,  (about  3,000  tons.) 

See  fractures  and  cross-section  under  No.  26. 

(18.)  A collection  of  cast-steel  springs  for  locomotives,  tenders,  and 
carriages. 

(a)  Two  locomotive-springs,  with  10  flat  leaves,  welded  links,  and 

bored  bolt-holes;  two  with  14  flat  leaves  and  welded, bored, 
and  reamed  bolt-holes. 

(b)  Several  car-springs,  with  flat  leaves  and  rolled  eyes. 

Production  in  1872,  38,600  springs. 

(19.)  A rev^ersible  double  crossing,  or  frog,  of  crucible  cast-steel,  cast 
in  a mold,  and  ready  to  be  laid  down.  (Pattern  of  the  ‘^Cologne- 
Miuden ” Railway.)  These  “frogs”  have  been  introduced  on  many 
German  and  transatlantic  railways. 

(20.)  Bessemer  steel-rails.  The  manufacture  of  these  rails  was  illus- 
trated by  a Bessemer  casting,  from  which  octagonal  blocks  were  forged, 
as  shown  by  exhibited  samples.  These  blocks  are  given,  by  rolling, 
the  required  form  for  rails,  are  cut  off  according  to  weight,  and  rolled 
to  the  prescribed  section.  Two  rails  rolled  in  this  manner,  the  ends  of 
which  were  not  cut  off,  were  exhibited.  Several  rails  were  ready  cut 
and  punched  according  to  the  “ Cologne-Minden,”  Section  Y. 

The  annual  production  of  steel  rails  increased  from  100  tons,  in  the 
first  year,  to  50,000  tons  in  1872.  This  increase  is,  no  doubt,  one  of  the 
best  proofs  of  the  favorable  results  obtained  from  the  use  of  steel 
rails  on  railroads,  and  these  rails  are  now  very  largely  introduced. 
Besides  the  manufacture  of  steel  rails  for  ordinary  railroads,  the  man- 
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ufacture  of  smaller  sections,  from  11  to  22  pounds  per  yard,  for  raininfr. 
l>Lirposes,  bas  also  consideral^ly  increased. 

Production  in  1872,  2,000  tons. 

A collection  of  rail-fractures  of  different  kinds  was  also  shown. 

(21.)  Two  switches  of  Bessemer  steel,  (section  of  the  “ Obersclilesisch 
and  Niederschlesisch-Markisch’’  Kailroad,)  planed  as  supplied  by  the 
works  in  the  finished  state. 

(22.)  A double  crank-shaft,  of  crucible  cast  steel,  forged  from  a solid 
block,  and  finished  for  a transatlantic  steamer — weight,  9,000  kilo- 
grams;  length,  7,650  meters  ; diameter,  0.38  meters. 

(23.)  A trunnion-hoop,  unwelded,  of  crucible  cast  steel,  in  the  forged 
state. 

(24.)  Two  pressed  sides  for  field-gun  carriages,  of  cast  steel,  6 milli- 
meters and  10  millimeters  thick. 

(25.)  Rolling-mill  machinery.  The  rolls  exhibited  illustrate  the  most 
usual  forms  and  dimensions  used  in  this,  which  is  one  of  their  oldest 
branches  of  manufacturing. 

(26.)  A collection  of  fractures  of  hardened  tool-steel,  as  well  as  vari- 
ous other  fractures  of  manutactured  articles,  such  as  axles,  tires,  and 
frogs,  and  disk- wheels,  and  mint-dies  with  polished  surface. 

(27.)  A series  of  exhibits  of  various  classes  of  ore,  pig-iron,  and  pig 
“steel-iron,”  from  the  mines  and  smelting-works  of  the  firm,  used  in  the 
manufacture  of  steel. 

363,  The  ORDNANCE  made  by  Krupp  is  all  manufactured  from  cruci- 
ble cast  steel  of  a quality-especially  adapted  to  this  purpose. 

All  these  guns  are  breech-loading,  and  have  Krupp’s  breech-piece. 

The  naval  and  coast  gun  carriages  are  generally  manufactured  from 
wrought-iron ; only  special  parts,  such  as  the  axles,  cylinders,  and 
piston-rods  of  the  hydraulic  buffer  and  the  slide-rollers  of  the  coast- 
gun  carriages  being  made  of  cast  steel.  Oast  iron  is  only  used  for  small 
truck- wheels.  There  were  exhibited — 

(28.)  A 30J-cm.  (30.^  centimeters  diameter)  gun  on  coast-carriage. 

Caliber  305  millimeters,  (12  inches.) 

Length  of  gun,  6.7  meters. 

Length  of  bore,  5.77  meters. 

Weight  of  gun  with  wedge,  36,600  kilograms,*  (80,500  pounds.) 

The  gun  has  72  parallel  grooves,  with  4.5  millimeters  width  of  lands, 
and  a uniform  twist  of  21.79  meters  in  pitch. 

Weight  of  charged  steel  shell,  296  kilograms. 

Weight  of  charge,  (prism-powder,)  60  kilograms. 

Initial  velocity,  465  meters. 

Weight  of  charged  common  shell,  257  kilograms. 

Weight  of  charge,  (prism-powder)  50  kilograms. 

Initial  velocity,  460  meters. 

*The  kilogram  = 2,2  pouuds;  the  meter  = 3.2S  feet,  = 39.3S  inches;  the  ceu- 
timeter  = 0.0328  foot,  = .3928  inch  ; the  millimeter  = 0.00328  foot,  = 0,03928  inch. 
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The  carriage  is  intended  for  earth  parapets  of  1.9  meters  height,  and 
has  a height  of  2.3S0  meters.  To  check  th^  recoil,  a hydraulic  buffer  is 

used. 

The  projectile  is  lifted  by  means  of  a movable  craoie  with  windlass, 
which  is  arranged  on  the  right-hand  side  of  the  slide. 

The  elevation  (4-17®— 7°)  is  taken  by  means  of  a toothed  arc  on  the 
upper  part  of  the  carriage.  For  training,  the  end  of  the  slide  is  pro- 
vided with  a chain- gear. 

By  this  apparatus  the  gun  can  be  very  easily  and  quickly  handled. 

To  run  in  the  gun,  a rope  windlass  may  be  .placed,  if  necessary,  on 
each  side  of  the  slide  at  the  rear. 

Kilo^jranis. 


Weight  of  carriage boU 

Weight  of  slide 

Total  weight 21,  000 


This  gun,  and  all  of  those  exhibited,  in  fact,  was  a magnificent  mass  of 
metal,  beautifully  finished,  conveniently  arranged,  and  in  every  respect 
a splendid  piece  of  work. 

(20.)  A 28-centiineter  howitzer  on  coast-carriage.  The  gun  is  con- 
structed to  be  placed  in  coast-batteries. 

Caliber,  280  millimeters. 

Length  of  gun,  3.200  meters. 

Length  of  bore,  2.520  meters. 

Weight,  with  wedge,  10,000  kilograms. 

. Preponderance,  0. 

This  gun  has  72  parallel  grooves,  with  4.5  millimeters  width  of  lands, 
and  a uniform  twist  of  11.2  meters. 

Weight  of  charged  common  shell,  199  kilograms. 

^Maximum  weight  of  charge,  20  kilograms. 

The  carriage  of  the  giin  admits  of  an  elevation  of  75®. 

The  carriage  differs  from  the  coast-gun  carriages  principally  in  that 
the  whole  of  the  under  face  of  the  slide  lies  in  the  platform  on  firing,  so 
as  to  extend  the  impact  of  recoil  over  a larger  surface.  For  training, 
the  slide  is  placed  upon  rollers,  for  which  reason  the  rear  slide-trucks 
are  put  on  eccentric  axles. 

The  projectile-crane,  training-gear,  hydraulic  buffer,  and  self-acting 
ranning-out  apparatus  are  the  same  as  in  the  other  coast-gun  carriages. 
The  elevating  gear  is  also  similarly  constructed. 

Weight  of  the  whole  carriage,  9,220  kilograms. 

Height,  1.675  meters. 

(30.)  A short  26-centimeter  ship  gun  on  battery-carriage. 

Caliber,  260  millimeters. 

Length,  5.2  meters. 

Length  of  bore,  4.420  meters. 

Weight  of  gun,  with  wedge,  18,000  kilograms. 

Preponderance,  0. 
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This  $’un  has  64  parallel  grooves,  with  4.25  millimeters  width  of  lauds, 
and  a uniform  twist  of  18.2  meters. 

Weight  of  charged  steel  shell,  184  kilograms. 

Weight  of  charge,  (prism-powder,)  37.5  kilograms. 

Initial  velocity,  450  meters. 

Weight  of  charged  common  shell,  159  kilograms. 

Weight  of  charge,  (prism-powder,)  30  kilograms. 

This  gun  has  a carriage  for  use  in  a broadside-battery  of  iron-dads. 
The  carriage  differs  from  former  ship-carriages  for  similar  purposes 
principally  in  that  the  hydraulic  buffer  and  apparatus  for  self-acting 
running  out  are  similar  to  those  of  coast-gun  carriages.  The  hydranlic 
buffer  is  so  arranged  that  the  gun,  with  the  upper  part  of  the  carriage, 
can  be  held  on  any  part  of  the  slide. 

The  training  is  effected  by  a toothed  wheel,  which  works  into  a toothed 
racer  in  the  deck,  and  is  moved  by  a worm-wheel  so  as  to  dispense  with 
brakes  to  retain  the  gun  in  the  required  direction.  For  elevation,  there 
is  arranged  on  both  sides  of  the  gun  a toothed  elevating-arc ; both  are, 
however,  moved  simultaneously  from  the  left  side  of  the  carriage  by  a 
hand-wheel.  In  order  to  relieve  the  ship’s  side  in  firing,  the  recoil  is  par- 
tially received  by  ribs  on  the  upper  face  of  the  deck-racers  and  by  a 
strong  hook  which  ties  down  the  fore  part  of  the  slide. 

Total  weight  of  carriage  is  8,756  kilograms. 

Height,  1.220  meters. 

(31.)  Along  24-centimeter  gun  on  battery-carriage  for  casemate  ships. 

Caliber,  235.4  millimeters. 

Length  of  gun,  5.23  meters. 

Length  of  bore,  4.54  meters. 

Weight  of  gun,  15.500  kilograms.  * 

Preponderance,  0. 

This  gun  has  32  grooves,  with  a width  of  lands  of  3.9  millimeters  at 
breech  and  7.85  millimeters  at  the  muzzle.  The  twist  is  uniform,  and 
of  16.48  meters  pitch. 

. Weight  of  charged  steel  shell,  135  kilograms. 

^ Weight  of  charge,  (prism-powder,)  24  kilograms. 

Initial  velocity,  430  meters  (2,296  feet)  per  second. 

Weight  of  charged  common  shell,  118.5  kilograms. 

Weight  of  charge,  20  kilograms. 

Initial  velocity,  424  meters  per  second.  - 

The  gun  is  mounted  on  a battery-carriage  for  casemate  ships.  Being 
situated  in  one  of  the  obtuse  angles  of  the  casemate,  so  as  to  be  capa- 
ble of  firing  through  a broadside  and  a bow  or  stern  port,  it  was  neces- 
sary to  make  arrangements  for  a change  from  the  one  to  another  port. 
This  is  done  by  meansof  a turn-table,  on  which  the  gun  rests  supported  by 
the  middle  slides  and  the  rear  slide-rollers,  after  the  fore  slide-rollers 
have  been  lifted  by  an  hydraulic  lifting-jack  which  is  fixed  under  the 
slide  for  this  purpose.  To  facilitate  the  unshackling  of  the  pivot-bar 
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when  changing  ports,  it  is  tlivided,  and  at  the  joint  an  easily-removable 
bolt  is  put  in. 

To  check  the  recoil,  the  carriage  is  provided  with  an  adjustable  plate- 
compressor.  A running-in-and-out  gear,  of  chain,  is  applied  on  both 
sides  of  the  slide- end.  For  training,  the  pinion  of  the  cog-racer  is  moved 
by  the  same  cranks  which  are  used  for  this  chain-gear. 

The  elevation  is  taken  by  means  of  a cogged  elevating-arc. 


Kilograms. 

Weight  of  carriage 2, 344 

Weight  of  slide o,  406 


Total  weight 7,810 


Height,  1,195  meters. 

(32.)  A long  21-centimeter  gun  on  coast-carriage. 

Caliber,  209.3  millimeters. 

Length  of  gun,  4.708  meters. 

Length  of  bore,  4.10G  meters. 

Weight  of  gun,  10,000  kilograms. 

Preponderance,  0. 

This  gun  has  30  grooves,  with  3.4  millimeters  width  of  lauds  at  breech 
and  of  7.3  millimeters  at  the  muzzle.  The  twist  is  uniform  and  of  14.23 
meters  pitch. 

Weight  of  charged  steel  shell,  95  kilograms. 

Weight  of  charge,  (prism-powder,)  17  kilograms. 

Initial  velocity,  430  meters  per  second. 

Weight  of  charged  common  shell,  79  kilograms. 

Weight  of  charge,  14  kilograms. 

Initial  velocity,  430  meters  per  second. 

The  gun  is  mounted  on  a coast-carriage  of  a description  similar  to 
that  of  the  30.J-ceutimeter  gun.  Height,  2.015  meters. 

Kilograms. 


Weight  of  carriage 2,090 

W eight  of  slide 5,110 

Total  weight 7,200 


(33.)  A 21-ceutimeter  siege-gun,  with  slide-carriage. 

Caliber,  209.3  millimeters. 

Length  of  gun,  3.400  meters. 

Length  of  bore,  2.910  meters. 

Weight  of  gun,  with  wedge,  3,900  kilograms. 

Preponderance,  0. 

The  gun  has  30  grooves,  with  3.7  millimeters  width  of  lands  at  the 
breech  and  of  7.5  millimeters  width  at  the  muzzle.  The  pitch  of  riding 
is  12.36  meters. 

Weight  of  charged  common  shell,  79  kilograms. 

Weight  of  charge,  (prism-powder,)  6.5  kilograms. 

Initial  velocity,  300  meters  per  second. 
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The  carriage  for  this  gun  is  a short  slide-carriage,  in  all  essential 
points  similar  to  the  coast-carriages.  The  slide,  when  in  battery,  rests 
in  front  on  the  pivot-block,  behind  on  two  rollers  which  can  be  moved 
for  the  purpose  of  training,  by  means  of  handspikes.  The  elevating-arc 
admits  of  27°  elevation  and  inclination.  The  crane,  hydraulic  buffer, 
&c.,  are  similar  to  those  of  the  coast-carriages.  This  gun  is  properly 
arranged  for  transport.  For  this  purpose,  a strong  axle,  with  large 
wheels,  is  placed  in  the  axle-supports,  after  the  gun  and  carriage  have 
been  run  in  on  the  slide  j then  the  forward  end  of  the  slide  is  raised  by 
means  of  a lifting-apparatus  which  is  ‘permanently  fixed  on  the  slide. 
This  consists  of  a screw,  with  worm-wheel  gearing.  Finally  the  rear 
end  of  the  platform  is  limbered  up.  The  rear  wheels  have  a diameter 
of  2.046  meters  and  a breadth  of  0.180  meter  in  the  rim.  The  distri- 
bution of  the  weight  resting  on  hind  and  fore  wheels  is  in  the  propor- 
tion of  4 to  1.  To  lighten  the  transport- wagon,  the  slide-rollers  may  be 
carried  separately.  For  transport  by  rail,  the  limbered-up  carriage  c<aii 
be  easily  placed  on  a 10-ton  freight-car.  The  bed,  made  of  oak  beams, 
and  provided  with  pivot- block  and  racer,  can  be  carried  on  an  ordinary 
freight-car.  As  soon  as  the  gun  has  been  carried  to  its  proper  place 
over  the  bed  in  the  battery,  it  is  unlimbered  and  the  rear  slide-rollers 
are  then  lowered  down  on  the  racer  by  means  of  a windlass.  The  slide 
is  afterward  let  down  in  front  upon  the  pivot-block  and  the  transport 
axle  and  wheels  are  remov^ed. 

Height  of  battery,  1.9  meters. 


Kilograms. 

Weight  of  carriage 922 

Weight  of  slide 1,728 


Total  weight 2,050 


The  limbered-up  gun  has  a total  weight  of  8,160  kilograms. 

The  bed  complete  weighs  2,080  kilograms. 

(34.)  A long  17-centimeter  gun,  on  upper-deck  carriage. 

Caliber,  172.6  millimeters. 

Length  of  gun,  4.250  meters. 

Length  of  bore,  3.780  meters. 

Weight  of  gun,  with  wedge,  5,(>00  kilograms. 

Preponderance,  0. 

The  gun  has  48  parallel  grooves,  with  3.5  millimeters  width  of  lauds, 
and  a uniform  twist  of  11.2  meters. 

Weight  of  charged  steel  shell,  55  kilograms. 

Weight  of  charge,  (prism-powder,)  10  kilograms. 

Initial  velocity,  460  meters  per  second. 

Weight  of  charged  common  shell,  45  kilograms. 

Weight  of  charge,  (prism-powder,)  10  kilograms. 

Initial  velocity,  465  meters  per  second. 

The  upper-deck  carriage  for  this  gun  is  to  be  placed  in  the  bow  or 
stern  of  an  iron-clad,  and  so  arranged  as  to  be  moved  easily  and  quickly 
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into  a rear  position.  To  check  the  recoil,  a plate  compressor  is  used. 
For  training,  the  slide,  which  usually  rests  on  the  supports,  is  placed 
oil  the  rollers,  for  which  purpose  the  rear  slide-rollers  are  mouuted  ec- 
centrically. 

Height,  1.020  meters. 

Kilograms. 

Weight  of  carriage 1, 255 

Weight  of  slide 2, 235 

Total  weight 3,490 

(35.)  A 15-ceuti  meter  siege-gun  on  wheel-carriage. 

Caliber,  149.1  millimeters. 

Length  of  gun,  3.44  meters. 

Length  of  bore,  3.040  meters. 

Weight  of  gun,, with  wedge,  3,000  kilograms. 

Preponderance  1 meter  from  the  trunnion,  25  kilograms. 

This  gun  has  33  grooves,  with  3 millimeters  width  of  lands  at  the 
breech  and  5.5  millimeters  at  the  muzzle. 

The  pitch  of  the  twist  of  the  rifling  is  9.7  meters. 

Weight  of  charge,  common  shell,  28  kilograms. 

Weight  of  charge,  (prism-powder,)  6 kilograms. 

Initial  velocity,  470  meters. 

The  carriage  of  this  gun  is  constructed  as  a wheel-carriage.  The 
brackets  are  made  of  plates  and  angle-iron.  The  elevating-screw  ad- 
mits of  35^  elevation  and  of  5*^  inclination.  The  hydraulic  buffer  is  a 
peculiarity  in  this  carriage.  At  the  discharge  this  reduces  the  recoil  to 
1 meter  or  less.  The  buffer-cylinder  can  be  moved  vertically,  being  fast- 
ened to  the  brackets  at  one-third  of  their  length  from  behind.  The 
piston-rod  can  be  moved  vertically  and  horizontally  by  means  of  a pivot- 
bolt  connected  with  an  anchor  which  is  partly  imbedded  in  the  parapet. 
Height,  1.830  meters  ; weight  of  carriage,  1,845  kilograms. 

(30.)  A long  15-centimeter. gun  on  ship  carriage. 

Caliber,  149.1  millimeters. 

Length  of  gun,  3.85  meters. 

Length  of  bore,  3.43  meters. 

Weight  of  gun,  4,000  kilograms. 

Preponderance  at  the  commencement  of  the  rounding  of  the  wedge, 
75  kilograms. 

The  gun  has  48  parallel  grooves,  with  3 millimeters  width  of  lands 
and  0.7  meters  pitch  of  rifling. 

Weight  of  charged  steel  shell,  35  kijograms. 

Weight  of  charge,  (prism-powder,)  8 kilograms. 

Initial  velocity,  460  meters  per  second. 

Weight  of  charged  common  shell,  28  kilograms. 

Weight  of  charge,  6.5  kilograms. 

Initial  velocity,  465  meters  per  second. 

The  carriage  of  this  gun  is  made  for  broadside  use.  It  is  a slide-car- 
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riage.  To  check  the  recoil  a plate-compressor  is  used,  and  a breeching 
is  attached  as  reserve.  The  elevation  is  effected  by  a toothed  elevating, 
arc,  and  the  training  by  means  of  tackles,  for  which  side-eyes  are  pro- 
vided on  the  rear  end  of  the  slide.  The  slide  usually  rests  upon  sup- 
ports  on  the  racers ; for  training,  it  is  lifted  upon  the  rollers. 

Height,  0.9G0  meter. 


Kilograms. 
...  1,50j 

. . . 935 


Weight  of  carriage 
Weight  of  slide. .. 


Total  weight 


2,  440 


(37.)  A 12.centimeter  gun  on  ship -carriage. 

Caliber,  120.3  millimeters. 

Length  of  gun,  2.925  meters. 

Length  of  bore,  2.G02  meters. 

Weight  of  gun,  with  wedge,  1,400  kilograms. 

Preponderance,  100  kilograms. 

The  gun  has  18  grooves,  their  breadth  increasing  toward  the  breech, 
with  2.5  millimeters  width  of  lands  at  the  breech  and  G.5  millimeters  at 
the  muzzle.  The  pitch  of  twist  is  842  meters. 

Weight  of  charged  steel  shell,  15.5  kilograms. 

Weight  of  charge,  (large.grained  powder,)  3.5  kilograms. 

Initial  velocity,  450  meters  per  second. 

Weight  of  charged  common  shell,  15.5  kilograms. 

Weight  of  charge,  (large-grained  powder,)  3 kilograms. 

Initial  velocity,  450  meters  per  second. 

The  carriage  for  this  gun  is  a wheel-carriage,  constructed  for  the  main 
or  upper  deck  of  small  vessels.  To  check  the  recoil,  a hydraulic  buffer- 
cylinder,  movable  vertically  and  horizontally,  hangs  on  the  pivot-bolts. 
The  piston-rod  is  fastened  to  the  carriage.  A strong  breeching  is  pro- 
vided as  a reserve.  The  carriage  rests  usually  on  four  rollers.  For 
training,  the  rear  rollers,  which  are  mouuted^  eccentrically,  are  lifted, 
and  the  weight  is  thus  transferred  to  a training-roller. 

The  elevation  is  taken  by  means  of  a toothed  elevating-arc,  which 
admits  of  a motion  of  15^  and  10^  in  elevation  and  depression,  respec- 
tively. 

Height,  0.900  meters. 

Weight  of  carriage,  895  kilograms. 

(38.)  A 9-centimeter  field-gun,  with  carriage. 

Caliber,  91.5  millimeters. 

Length  of  gun,  2.040  meters.  - 

Length  of  bore,  1.819  meters. 

Weight  of  gun,  with  wedge,  425  kilograms. 

Preponderance,  50  kilograms. 

The  gun  has  16  grooves,  with  2.5  millimeters  width  of  lands  at  the 
breech  and  6.5  millimeters  at  the  muzzle.  The  rifling  has  4.53  meters 
pitch. 
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AYeiglit  of  charged  shell,  G.9  kilograms. 

Weight  of  charge,  (caiinoa-powder,)  0.6  kilograms. 

Initial  velocity,  322  meters  per  second. 

The  gnu-carriage  has  riveted  wrought-iron  brackets.  Weight  ot 
carriage,  (without  accessories,)  546  kilograms.  The  elevating-screw 
admits  of  an  elevation  of  15^  and  of  a depression  of  8^. 

(30.)  An  8-ceutimeter  field-gun,  with  carriage. 

Caliber,  78.5  millimeters. 

Length  of  gun,  1.935  meters. 

Length  of  bore,  1.728  meters. 

Weight  of  gun,  295  kilograms. 

Preponderance,  70  kilograms. 

This  gnu  has  12  grooves,  with  2.5  millimeters  width  of  lands  at  breech 
and  6.5  millimeters  at  the  muzzle.  The  rifling  has  3.62  meters  pitch. 
Weight  of  charged  shell,  4.3  kilograms. 

Weight  of  charge,  (cannon-powder,)  0.5  kilogram.  * 

Initial  velocity,  357  meters  per  second. 

Weight  of  carriage,  (without  accessories,)  460  kilograms.  The  eleva- 
ting-screw admits  of  13|p  elevation  and  8°  inclination. 

(46.)  A 6-ceutinieter  mountain-gun,  on  carriage. 

Caliber,  60  millimeters. 

Length  of  gun,  1.250  meters. 

Length  of  bore,  1.130  meters. 

Weight  of  gun,  with  wedge,  107  kilograms. 

Preponderance,  14  kilograms. 

This  gun  has  18  parallel  grooves,  with  3 millimeters  width  of  lands 
and  2.10  meters  of  pitch  of  rifling. 

Weight  of  charged  shell,  2.3  kilograms. 

Weight  of  charge,  0.2  kilogram. 

Initial  velocity,  300  meters  per  second. 

The  carriage  has  wrought-iron  brackets,  cast-steel  axles,  and  wooden 
wheels.  On  the  naves  of-  the  axles  there  are  conical  friction-brakes. 
Weight  of  carriage,  109  kilograms;  height,  0.660  meter. 

The  elevating-screw  admits  of  21^  elevation  and  of  10^  depression. 
(41.)  Ammunition: 

(ft)  Shells,  forged  of  crucible  cast  steel,  for  each  of  the  exhibited 
guns,  both  whole  and  cut  to  exhibit  the  cross-section. 

(b)  Common  cast-iron  shells  for  all  exhibited  guns,  some  cut  to 
show  cross-sections,  and  all  with  complete  percussion-fuses. 

(c)  Models  of  cartridges  and  of  prismatic  powder. 

The  specific  gravity  of  the  prismatic  powder  is,  for  the  26-centimeter, 
28-centimeter,  and  30^ -centimeter  guns,  from  1.72  to  1.76;  for  those  of 
smaller  calibers,  it  ranges  from  1.62  to  1.66. 

364.  The  variety  as  well  as  the  magnitude  of  the  work  done  at  Essen 
is  well  shown  by  the  preceding  description. 

It  should  be  remarked  that  the  general  construction  of  these  guns 
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is  similar  to  that  of  the  British  Woolwich  gun,  except  that  the  Prus- 
sian gun  is  breech-loading. 

The  description  just  giv^en  of  this  remarkable  class  of  productions  of 
the  Krupp  establishment  is  particularly  valuable  as  exhibiting  the  pe- 
culiarities of  a practice  in  the  construction  of  artillery  which  is  very 
largely  introduced  in  Edrope,  especially  in  Prussia  and  the  other 
German  states  and  in  Russia,  and  which  is  competing  with  those  other  ^ 
characteristic  forms  adopted  in  Great  Britain  and  in  the  United  States. 

The  compressing-apparatus  and  friction-gear  are  in  many  instauces 
similar  to  those  introduced  by  Capt.  John  Ericsson,  and  used  on  nearly 
all  the  heavy  ordnance  of  the  United  States  Navy  and  of  the  navy  of 
Spain.  It  has  also  been  closely  imitated  in  the  Scott  gun-carriages  used 
in  the  British  navy. 
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CHAPTER  IV. 


BELGIAN  AND  FRENCH  MANUFACTURING  ESTABLISHMENTS  AND  TECH- 
NICAL SCHOOLS. 

BELGIUM.— The  Ser\i!^Ct  Works  of  the  Soci6rfi  Cockerill;  History  of  the 
CocKERiLL  Works — extent — production;  The  Cockerill  exhibit  at  Vienna; 
Bkljian  manufactures— his roRT— production;  Condition  of  working-peo- 
ple, 

FRANCE.— Paris;  Conservatoire  Dri.s  Arts  et  Metiers— its  history ; Works  of 
MM.  Schneider  & Co.,  at  Le  Creusot— their  history — extent  of  the 
works  and  production;  Lyons;  The  Permanent  Industrial  Exhibition  . 
Cail  & Co.’s  Works,  at  Paris. 

3G.J.  Belgium. — Seraing  is  situated  near  the  city  of  Liege,  a city  of 
over  100,000  inhabitants,  which  has  long  been  celebrated  for  the  extent 
of  its  manufacturing  industries,  and  has  been  frequently  called  the 
“ Birmingham  of  Belgium.”  This  has  prospered  as  a manufacturing 
district  for  centuries,  and  at  an  early  date  the  bishops  of  Liege  were 
sufficiently  powerful  to  raise  a considerable  force  and  to  maintain  them- 
selves against  the  attacks  of  all  enemies,  whether  nobles  or  citizens. 

The  town  of  Seraing  and  the  great  manufacturing  establishment  of 
the  “ Societe  Cocicerill  ” now  occupies  the  site  of  the  residence  and 
landed  property  of  the  bishops.  These  works  are  the  only  very  exten- 
sive works  of  the  kind  in  this  district,  and  are  the  largest  in  Belgium, 
and,  with  but  few  exceptions,  have  no  equals  in  size  in  the  world. 

Tlie  first  blast-furnace  erected  here  was  put  up  by  the  English  found- 
ers, the  Brothers  Cockerill,  iu  L82G.  The  establishmeut  now  produces 
annually  350,000  tons  of  coal,  from  four  collieries  ; its  thirty  iron-mines 
yield  a hundred  and  fifty  thousand  tons  of  ore  annually  • there  ate  nine 
blast  furnaces— four  of  which  were  at  the  time  of  our  visit  unfinished— 
and  large  Bessemer  works  and  founderies.  The  furnaces  in  blast  yield, 
as  an  average  product,  about  60,000  tons  qf  foundery  and  forge  iron,  and 
those  in  course  of  erection  are  intended  to  supply  dark  iron  to  the 
Bessemer  works.  The  founderies  produce  5,000  tons  of  iron  and  brass 
casting.s,  and  the  rolling-mills  turn  out  between  40,000  and  50,000  tons 
ot  rails  and  large  quantities  of  other  rolled  metal  per  3’ear. 

The  ten  converters  in  the  steel-works  were  stated  to  yield  17,000  tons 
of  steel  per  3^ear ; the  forges  can  make  nearly  2,000  tons  of  forgings, 

and  the  plato-iron-working  shops  6,000  tons  of  bridges  and  steam-boilers 
per  annum. 

llie  establishment  has  a ship  building  yard  at  Antwerp. 

At  Seraing  the  works  cover  two  hundred  acres  of  laud,  on  the  prop- 


386 


VIENNA  INTERNATIONAL  EXHIBITON,  1873. 


demise  of  John  Cockerill,  which  happened  in  1840.  It  comprised  in 
1842,  at  the  time  of  the  formation  of  the  joint-stock  company  established 
to  continue  operations : 

1st.  The  grant  of  coal-mining,  with  three  collieries  furnished  with  all 
needed  ventilating  and  hoisting  engines. 

2d.  Thirty-seven  coke-kilns  of  large  size. 

3d.  Two  blast-furnaces,  with  steam  bellows  and  grants  of  iron- 
mines. 

4th.  A vast  iron-foimdery  and  a copper-foundery. 

5th.  An  iron-making  establishment,  with  35  reverberatory  furnaces 
5 sets  of  rolls,  with  hammers,  steam-engines,  and  all  tools  and  apparatus 
required  in  such  works. 

6th.  An  engine  and  boiler  works,  containing  144  forge-furnaces,  280 
lathes  and  boring-machines,  200  planing,  grooving,  tapping, and  drilling 
machines,  &c. 

There  were  2,200  employes  and  workmen.'  'The  driving-engine  was  of 
920  horse-power. 

The  Seraing  establishments  had  been  placed  by  John  Cockerill,  in 
1829,  under  the  generarsuperintendence  of  Gustave  Pastor,  his  nephew, 
and  the  latter  continued  in  service  when  the  company  was  formed  and 
until  1866,  at  which  time  M.  Pastor  withdrew,  and  he  was  succeeded  by 
M.  E.  Sadoine,  chief  engineer  of  the  government  navy. 

367.  The  works  now  comprise : 

Coal-mines.— Four  collieries,  with  eight  shafts  for  raising  the  coal;  24 
engines  of  900  collective  horse-power;  2,400  workmen,  (since  1867 
women  have  not  worked  in  the  collieries  of  the  company;)  annual  pro- 
duction of  fuel  350.000,000-  kilograms,  (350,000  tons.) 

Colce furnaces. — Four  groups  comprising  143  horizontal  kilns;  12 
groups  comprising  2 16  Appold  kilus ; 3 crushers  and  6 washers ; 6 steam- 
engines,  of  168  collective  horse  power ; 140  workmen.  Annual  produc- 
tion of  coke,  140,000,000  kilograms,  (140,000  tons.) 

Iron-mines. — Thirty  mineS)  in  the  Belgian  provinces  of  Liege  and 
Kamur, in  Luxemburg,  and  in  Spain;  17  engines,  306  horsepower  col- 
lectively; 800  workmen.  Annual  production  of  the  mines,  150,000,000 
kilograms,  (150,000  tons.) 

Blast-furnaces. — Five  blast-furnaces,  with  hot-blast  apparatus  and  cast- 
ing-houses for  ordinary  casting,  yielding  55,000,000  kilograms,  (55,000 
tons ;)  4 blast-furuaces  for  Bessemer  steel  pig  now  building ; 15  eugiues, 
of  480  collective  horse  power ; 300  workmen. 

Founderies. — ^Two  iron  and  one  copper  founderies;  2 workshops  for 
molding;  steam-cranes;  1,000,000  kilograms  foundery-flasks ; 6 engines, 
ot  90  collective  horse  power;  280  workmen.  Annual  production,  5,000,- 
000  kilograms,  (5,000  tons.) 

Iron-ioorlis. — Seventy-five  reverberatory  furnaces ; 12  sets  of  rolls ; 7 
hammers;  55  engines,  of  1,900  collective  horse  power;  1,240  workmen. 
Annual  production  in  rails,  girders,  bar  and  sheet  iron,  40,000,000  kilo- 
grams, (40,000  tons.) 
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Steel-icorks. — Ten  Bessemer  converters,  of  from  5 to  7 tons  capacity,  6 
of  which  are  jnst  erected;  16  reverberatory  farnaces;  7 hammers;  4 
sets  of  rolls;  46  engines,  of  3,079  collective  horse-power;  560  workmen. 
Annual  production  in  steel,  I <,000,000  kilograms,  (17,000  tons.) 

Forges. — Twelve  reverberatory  farnaces;  7 hammers;  70  forge-fur- 
naces; 5 engines,  of  283  colleotiv'e  horse-potver ; 200  workmen.  Annual 
production  of  machinery,  1,500,000  kilograms,  (1,500  tons.) 

Engine-shops. — Three  hundred  and  sixty-eight  lathes,  slotters,  plan- 
ers, drills,  &c. ; 5 machines  to  forge  bolts  and  nuts;  2 hydraulic 
presses;  traveling  cranes,  stationary  steam-cranes,  and  others;  20  en- 
gines; 1 hammer;  1,400  workmen.  Annual  production  of  machines  and 
mechanical  apparatus,  7,000,000  kilograms,  (7,000  tons.) 

Bridge  and  boiler  building. — Fifty-five  drilling,  planing,  &c.,  machines; 
3 hammers;  51  forge-furnaces;  11  engines,  of  120  collective  horse- 
power; 510  workmen.  Annual  production  of  boilers  and  of  bridges  of 
various  kinds,  6,000,000  kilograms,  (6,000  tons.) 

The  Antwerp  ship  building  yard  contains  a stock  of  tools  appropriate 
to  a ship  builder’s  yard,  with  covered  ways,  rafts,  and  boats;  ways  and 
slips  for  launching  both  sea  and  river  steamers ; carpentry  and  joinery 
shops,  with  steam-power;  2 engines,  of  15  horse-power,  and  employs  680 
workmen.  Annual  production,  2,500,000  kilograms  (2,500  tons)  of  iron 
vessels. 

The  interior  convey  anee  and  forwarding  department  has  in  operation  15 
locomotiv^e-engines,  employed  on  the  junctions  of  tliQ  interior  railways, 
with  the  north  line ; employs  420  workmen  and  60  horses,  15  of  which 
are  in  the  collieries. 

These  works  cover  an  area  of  200  acres,  intersected  by  22  kilometers* 
of  railroads  of  standard  gauge,  and  12  kilometers  of  smaller  tracks.  A 
basin  communicating  with  the  Meuse  by  a canal  and  2 wharves  be- 
long to  the  establishment. 

In  1872  there  were  8,912  i)eople  employed  in  all  the  works. 

There  were  254  steam  engines,  of  7,834  collective  horse-power. 

The  wages  paid  annually  amount  to  8,500,000  francs,  ($1,700,000.) 

The  consumption  of  fuel  amounts  to  350,000,000  kilograms,  (350,000 
tons.) 

The  production  of  the  divisions  is  from  25,000,000  to  30,000,090  francs,- 
($5,000,000  to  $6,000,000.) 

The  establishment  owns  on  the  heights  of  Seraing,  and  in  a very 
healthy  situation,  a large  infirmary  managed  by  nuns.  It  contains  85 
beds.  A special  physician  is  attached  to  it,  and  an  orphan-asylum, 
containing  at  present  forty-one  children  of  both  sexes,  adjoins  it. 

The  establishment  has  also  a dispensary,  which  delivers  medicines 
gratuitously  to  persons  attached  to  the  works,  and  to  their  families. 

In  each  division  there  is  a refectory,  furnishing  meals  to  the  workmen. 
Kitchens  are  added  to  several  of  these  refectories ; and  baths  are  put 
up  at  the  collieries  for  the  miners. 


* The  kilometer  is  3,280  feet,  about  three-fifths  of  a mile. 
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A society  for  relief  and  pensions  has  been  instituted  for  the  people  of 
the  works,  and  the  establishment  accords,  out  of  its  own  funds,  tempo- 
rary relief  and  pensions  to  the  workmen  and  employes  not  concerned  in 
the  society,  membership  in  which  is  not  compulsory. 

The  Seraing  Works  have  constructed  (to  January  1, 1873,)  2,100  steam- 
engines,  of  from  4 up  to  600  horse-power,  for  all  known  manufacturing 
purposes 5 900  locomotive-engines;  31,540  sets  of  machinery  and  of 
mechanical  apparatus,  and  various  pieces  of  mechanism  for  manufac- 
tories; has  done  a large  amount  of  repair- work,  and  has  furnished  man- 
ufactured material  for  mining,  for  the  reduction  of  ores,  the  fabrication 
of  metals,  for  buihlings,  sugar- works,  plate-glass  manufactories,  paper- 
mills,  spinning-mills,  lattice  and  suspension  bridges,  turrets  for  iron- 
clads, &c. 

The  ship  yards  at  Antwerp  and  St.  Petersburg  have  built  282  sea  and 
river  steamers,  yachts,  mail-steamships,  steam-tugs,  pilot-boats,  light- 
ships, dredging-machines,  transport  ships  for  passengers  and  freight, 
transatlantic  steamers  and  floating-docks  for  iron-cl  ads. 

The  CockeiMll  Company  can  supply  annually  100  locomotives,  70 
marine  steam  engines  from  4 to  1,000 horse-power,  and  above  1,500  sets 
of  mechanical  constructions.  It  erects  complete  works,  makes  special 
apparatus,  does  repairs,  &c.  It  can  build  6,000  tons  of  bridges  and 
turn-tables  per  annum.  Sea  and  river  steamers  of  5,000  tons  burden, 
British  measurement,  can  be  built  here. 

It  was  at  Liege  that  Cockerill,  senior,  established  the  first  manufac- 
tory of  cotton  and  woolen  machinery  on  the  continent,  and  at  Seraing 
the  first  coke  blast-furnace  and  the  first  puddling-furnace,  and  after- 
ward the  coke-kilns  were  erected  and  the  making  of  iron  by  English 
methods  was  commenced. 

The  first  steam-engine  and  the  first  locomotive-engine  on  the  con- 
tinent were  constructed  at  Seraing. 

Since  1824  the  Cockerill  establishments  have  constructed  very  power- 
ful steam-engines  for  the  drainage  of  the  collieries  of  the  Liege  Valley, 
where  they  are  still  working. 

368.  At  Vienna  this  great  firm  exhibited  a marine  en  gine  of  220  nom- 
inal horse-power,  built  for  the  Belgian  mail  service  between  Ostend 
and  Dover. 

The  steamers  carrying  the  mail  between  Belgium  and  England  are 
remarkable  for  their  great  and  regular  speed,  their  fine  accommoda- 
tions, and,  above  all,  for  their  excellent  sea-going  qualities  in  bad  weather. 
Their  speed,  in  calm  weather,  reaches  17  knots  (19|  miles)  an  hour,  and 
is  not  exceeded  by  that  of  any  other  channel-steamers.  The  time  on 
the  passage  averaged  for  six  months,  between  Ostend  and  Dover,  1 
hours  4 minutes.  This  result,  it  is  said,  is  not  inferior  to  that  of  the 
steamers  plying  between  Holyhead  and  Dublin,  which  latter  are  of  2,000 
tons  burden,  and  fitted  with  engines  of  750  nominal  horse-power^* 


* Actual  horde  power  not  stated,  but  probably  3,500  to  4,000. 
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speed  is  due  to  the  fine  lines  of  these  ships,  to  their  great  power,  and  to 
the  excellent  design  and  good  construction  of  their  engines.  The  latter 
have  given  at  the  official  trials  a power  of  nearly  1,600  horses. 

The  success  of  the  first  of  these  ships,  the  Louise- Marie,’’  which  was 
supplied  in  186G  to  the  Belgian  government,  induced  the  government  to 
havm  seven  of  these  steamers  built,  without  the  slightest  alteration  of 
design.  Six  are  now  running  regularly.  The  engine  intended  tor  the 
seventh  was  that  shown  at  the  Exhibition.  All  of  the  principal  forgings 
are  of  Bessemer  steel,  from  the  steel- works  of  the  Oockerill  Company. 

These  ships  were  built  in  the  ship  yard  of  the  company,  at  Antwerp  ; 
the  engines  were  constructed  in  the  works  at  Seraing. 

The  principal  dimensions  were  as  follows: 

Length  on  water-line  - • 

Breadth,  extreme 

Depth  ^'Set. 

Tonnage,  (B.  M.) tons. 

Tonnage,  (net) tons. 

Draught.... ^ feet.. 

369.  Belgian  manufactures. — The  interesting  city  of  Liege  and 
all  the  country  about  it  is  an  exceedingly  prosperous  and  industrious 
district.  It  probably  is  the  most  active  manufacturing  district  in  Con- 
tinental Europe.  All  along  the  road  between  Liege  and  Brussels  manu- 
facturing villages  are  thickly  distributed,  and  the  whole  country  is  one 
great  manufactory  of  machinery  and  “ Birmingham  wares.” 

This  is  one  of  the  earliest  of  European  iron-making  districts.  It  is 
now  well  known  to  have  been  a seat  of  manufactures  in  iron  as  early  as 
at  the  time  of  the  Iloinau  occupation,  nearly  two  thousand  years  ago. 
It  is  only  two  or  three  years  ago  that  the  ruins  of  several  furnaces  of 
the  rude  form  then  used  were  discovered  at  Lustin,  with  their  charges 
of  fuel  and  ore  still  in  place. 

In  building  machinery  the  Belgians  are  only  second  to  the  English, 
and  they  have  even  competed  successfully  with  the  latter  in  some  in- 
stances in  making  pumping-machinery  for  British 'mines.  Tlie  Belgian 
workman  has  hardly  as  much  energy  or  tact  or  skill  as  the  British,  but 
he,  nevertheless,  does  good  work,  and  is  persistent  and  steady. 

Belgium  has  always  been  noted  for  its  production  of  some  kinds  of 
textiles,  of  which  the  best  known  are  the  woolens  of  Ypres,  the  linens 
of  Flanders,  the  cloth  made  at  Verviers,  the  calicoes  of  Ghent,  the  car- 
pets of  Tourney  and  Brussels,  and  the  lace  of  Mechlin  and  Brabant. 
The  manufactures  of  porcelain,  the  Namur  cutlery,  and  the  Liege  iron- 
wares are  scarcely  less  well  known.  Flanders  and  Antwerp  almost 
monopolize  the  cotton-goods  manufacture.  Cotton-machinery  is  largely 
imported  from  England,  and  the  higher  grades  of  work-people  are  not 
infrequently  also  English.  For  hundreds  of  years  these  districts  have 
also  produced  woolen  goods,  obtaining  their  woolen  in  earlier  times 
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principally  from  England,  Spain,  and  Germany,  and  returning  the  manu- 
factured material  to  all  the  markets  of  Europe. 

370.  We  were  told  that  in  1872  Liege  produced  from  about  one  hun- 
dred iron- works  some  200,000  tons  of  pig-iron,  100,000  tons  of  finished 
iron,  and  that  Ohaleroi  produced  400,000  tons  of  pig  and  250,000  tons  of 
worked  iron.  In  this  small  country,  which  has  an  area  of  but  eleven 
thousand  square  miles,  and  a population  of  less  than  six  millions,  there 
are  nearly  two  hundred  coal-mines,  and  the  province  of  Hainaut  alone 
produces  over  2,000,000  tons  of  coal  per  year.  Valuable  zinc-mines  exist 
between  Liege  and  Aix-la-Chapelle,  and  all  of  the  valuable  building- 
stones  are  found  in  large  quantities  and  of  fine  quality. 

Flanders  produces  nearly  $10,000,000  worth  of  flax  per  annum,  and  of 
an  exceptionally  fine  quality.  Verviers  employs  four  thousand  men  in 
cloth-manufacture,  and  the  cotton-manufactures  of  Belgium  now  employ 
a capital  of  £3,000,000  sterling. 

371.  The  condition  of  the  working-people  of  Belgium  is  not  such  as  to 
make  them  well  satisfied.  They  receive  low  wages,  but  the  cost  of  liv- 
ing is  also  very  low,  and  the  difference  to  be  observed  between  them 
and  between  all  working-people  in  Europe  and  those  of  the  United 
States  is  not  due  to  small  wages.  The  money- value  of  labor  and  of  the 
necessaries  and  luxuries  of  life  are  fixed  there,  as  in  all  parts  of  the  ' 
world,  by  the  uncontrolled  laws  of  supply  and  demand.  The  people 
lack  that  enterprising  spirit  and  active  disposition  which  is  so  univer- 
sally characteristic,  not  onl^^  of  the  American  native-born  citizen,  but  of 
the  European  imported  into  the  United  States.  That  wonderful  abund- 
ance of  all  those  smaller  articles  of  comfort  and  luxury  which  is  seen  in 
the  United  States  is  entirely  wanting  there. 

In  some  cases  employers  are  taking  upon  themselves,  to  a certain  ex- 
tent, the  care  of  their  employes,  and  are  endeavoring  to  make  their 
condition  more  tolerable. 

As  was  remarked  by  the  writer  immediately  after  visiting  the  district* 
in  vi’hich  the  Messrs.  D’Audrimont  are  engaged  in  such  an  enterprise,  the 
employer  never  fails  ultimately  to  receive  a bountiful  return  for  all  capi- 
tal expended  in  providing  for  the  physical,  the  intellectual,  or  the  moral 
welfare  of  his  employes.  Physical  benefits  conferred  bring  back  a re- 
turn in  healthful  energy j intellectual  training  gives  intelligence  which 
invariably  finds  application  j moral  advancement  results  in  an  increased 
sense  of  duty  and  of  responsibility ; and  ail  together  promote  wonder- 
fully that  appreciation  of  the  mutual  obligations  binding  master  and 
man  which  is  the  best  of  all  preventives  of  strikes  and  of  lock-outs 
and  of  all  those  unfortunate  disagreements  which  divert  the  trades- 
, unions  from  their  legitimate  work,  of  stimulating  industry  and  pre- 
serving uninterrupted  the  prosperity  of  the  working-man,  and  which  bring 
embarrassment  and  distress  upon  all  classes.  The  Messrs.  D’Audrimont 
evidently  understand  this,  and  have  erected  at  their  collieries  at  Mich- 


* See  Scientific  American,  1873:  correspondence. 
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eraux,  the  Hotel  Louise,  a house  of  entertainment  for  their  work-people. 
This  liouse  contains  200  beds.  The  rooms  are  fitted  up  plainly,  but 
neatly,  with  all  modern  conrenieuces,  and  the  prices  charged  for  lodg- 
ing and  subsistence  are  as  slight  an  adv^auce  upon  cost  as  will  secure 
the  proprietors  against  absolute  loss.  Each  man  pays  about  a franc  and 
a half  (30  cents)  per  day  for  lodging,  meals,  washing,  and  necessary 
attendance.  A miner,  returning  from  work,  goes  to  the  lavatory,  re- 
moves his  begrimed  suit  of  clothes,  sends  them  down  by  a “dumb- 
waiter” to  the  laundry,  takes  his  bath,  receives  a clean  suit  of  his  own 
clothes  in  return  for  those  sent  down,  and  makes  his  appearance  ready  for 
his  meals,  or  for  cleanly  occupation  during  his  “oif  watch,”  dressed  very 
like  a gentleman,  and,  with  his  neatsuit  and  freshly-blacked  boots,  he  ex- 
periences a feeling  ot  self-respect  rarely  known  under  the  ordinary 
regime  of  less  w^ell-administered  coal-mines. 

Here  the  maximum  earnings  of  a miner  are  stated  to  be  about  90 
francs  ($18)  a month,  one-half  of  which  might  be  saved  by  a frugal  single 
man. 

In  the  cotton  and  woolen  mills,  as  well  as  in  many  other  branches  of 
industry  in  Belgium,  the  work-people  labor,  generally,  seventy-two 
hours  per  week,  and  no  abatement  of  time  is  made  for  women  or  for 
children,  in  which  classes  35  per  cent,  and  25  per  cent.,  respectively,  of 
the  working-population  is  included.  In  some  cases  the  working-hours 
have  been  reduced  to  ten,  and  that  without  decrease  of  production. 
The  amount  of  work  done  by  each  hand  probably  averages  less  than 
with  us,  although  the  speeds  of  machinery  are  about  up  to  our  standard. 
Thus,  cottou-looms  run  125  to  180  pipks  per  minute;  woolen,  140  or  150, 
and  sometimes  at  higher  speed.  Cotton-spindles  are  driven  up  to  6,000 
revolutions  on  American,  and  to  5,000  on  East  Indian  cotton.  Wool 
spiudles  make  5,000  or  5,500,  and  flax-spindles  3,500  turns  per  minute. 
The  uumber  of  operatives  varies  from  seven  to  ten  per  thousand  spindles, 
a number  exceeding  the  figures  of  our  own  or  English  mills.  Some  of 
these  mills  contain  200,000  spindles;  and  the  tendency  is,  as  with  us 
continually  toward  increasing  the  size  of  mills,  and  securing  that  in- 
crease ot  economy  which  is  a usual  consequence  of  enlarged  production. 
That  sound  business  policy  which  dictates  the  purchase  of  the  best  pos- 
sible machinery  is  also  well  understood  there,  and  the  less- frequently 
acknowledged  principle  that  prosperity  always  ultimately  follows  honest 
work  and  liberal  dealing  is,  perhaps,  more  generally  recognized  than 
among  many  other  manufacturing  peoples. 

372.  France  and  Belgium  are  vastly  more  in  sympathy  with  each 
other  than  is  either  with  their  common  neighbor,  Germany.  The  peo 
pie  of  the  north  of  France  and  the  Belgians  and  the  Dutch  are  much 
alike  iu  their  quiet,  steady  business  ways,  and  of  industrious  habits. 
The  former  have  always  been  celebrated  for  manufactures  of  the  finer 
classes  ot  textile  fabrics,  and  for  excellence  iu  all  the  arts  which  demand 
exceptionally  good  taste  and  an  apt^reciation  of  the  beautiful. 
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Tbe  great  silk-iDdustry  of  France  has  been  growing  from  the  time  of 
Francis  I,  and  now  consumes  over  5,000,000  pounds  of  raw  silk  in  addition 
to  that  raised  in  the  country.  About  50,000  tons  of  beet  root  sugar  are 
made  annually;  nearly  150,000,000  pounds  of  cotton  are  consumed,  and 
in  coal  and  iron  the  production  and  consumption  are  only  second  to 
Great  Britain. 

For  many  years  the  silk- manufacture,  having  its  center  at  Lyons,  and 
employing  a large  proportion  of  the  population  of  St.  Etienne,  Tours, 
Avignon,  and  of  many  people  in  Paris.  The  cotton  goods  made  at  Rouen, 
Troyes,  Lille,  and  the  broadcloths  of  Abbeville,  Louviers,  Sedan,  Amiens' 
and  Rbeims ; the  carpets  of  Aubusson  and  Paris ; the  laces  and  linens 
of  Valenciennes;  porcelain  of  Sevres  and  Limoges  ; the  clock  and  watch' 
making  of  Paris,  and  the  great  variety  of  fine  jewelry  and  “ fancy 
goods  made  in  the  same  city,  have  been  among  those  acknowledged 
as  the  best  in  the  markets  of  both  continents. 

The  total  number  of  spindles  in  France  is  stated  at  two  and  a half 
million  in  silk-mills  and  nearly  five  million  in  cotton-mills. 

In  1872  France,  with  228  blast-furnaces,  produced  more  than  a mill- 
ion  tons  of  cast  iron,  principally  coke-iron ; the  amount  of  charcoal-iron 
was  about  180,000  tons.  A hundred  and  forty  thousand  tons  of  steel 
were  made,  one-third  of  which  was  made  at  Le  Oreusot. 

Paris  is  not  usually  regarded  as  a manufacturing  city,  but  it  is  the 
seat  of  a vast  number  of  minor  industries,  and  contains  some  establish- 
ments of  large  size,  and  interesting  to  the  engineer  as  well  as  to  the  or- 
dinary traveler.  Several  of  the  great  technical  schools  of  France  are  at 
I^ris,  and  some  of  the  auxiliary  establishments  of  the  French  army  aud 

the  headquarters  of  the  several  departments  of  government  are  in  the 
city. 

While  in  Paris  we  visited,  among  other  places  of  interest,  the 
Conservatoire  des  Arts  et  Metiers,  the  famous  lEcole  Poly  technique,  the 
Nicole  des  Mines,  and  the  ficole  des  Ponts  et  Chaussees. 

373.  The  Conservatoire  des  Arts  et  Metiers  is,  to  the  engineer,  one  of 
the  most  interesting  institutions  of  Paris.  We  were  kindly  entertained 
by  the  director.  General  Morin,  aud  by  the  sub-director,  M.  Tresca,  and 
were  afforded  an  opportunity  to  examine  the  wonderful  collection  which 
has  been  gathered  here  from  all  directions,  and  which  represents  every 
department  of  industry. 

The  most  interesting  among  the  many^  specimens  of  early  engineering 
was  the  steam -carriage  of  Cugnot,  built  in  1770,  and  which  was  proba- 
bly the  first  locomotive-engine  ever  constructed.  It  was  quite  a large 
machine,  probably  weighing  a ton  or  more.  The  boiler  was  carried  be- 
hind the  carriage  and  supplied  steam  to  a pair  of  singularly-constructed 
engines,  which  turned  one  pair  of  wheels. 

These  engines  were  single-acting,  and  worked  a ratchet  which  engaged 
with  the  teeth  cut  on  the  disks  secured  to  the  wheels.  It  was  remarka- 
bly well  made  for  so  ancient  a piece  of  work. 
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The  original  looms  of  Vaiicanson  and  Jacquard  are  preserved  here  in 
the  Salle  des  Filatures,  and  in  other  departments  are  almost  equally 
interesting  relics.  The  collections  are  well  arranged  and  classified. 

M.' Tresca  had  a mechanical  laboratory,  in  which  are  many  of  the 
larger  objects  belongingin  the  collections,  butdtis  principally  occupied 
with  apparatus  for  testi/ig  the  efficiency  of  machinery  and  with  illustra- 
tive models  driven  by  i)Ower. 

Nothing  like  this  collection  exists  in  the  world.  In  its  extent  and 
completeness  it  is  unexampled. 


374.  The  growth  of  this  great  school  has  been  a gradual  one,  although 
liberally  aided  by  a government  which,  although  never  itself  stable,  has 
been  noted,  through  all  its  mutations,  for  the  substantial  aid  which  it  has 
liberally  accorded  to  its  educational  institutions. 

Descartes,  the  distinguished  philosopher,  is  claimed  to  have  been  the 
earliest  to  propose  public  instruction  for  working- people.*  He  proposed 
to  built  a large  lecture-hall  for  each  trade,  annexing  to  each  a cabinet 
containing  the  apparatus  appropriate  to  that  department,  and  to  place 
each  of  these  lecture-rooms  in  charge  of  a professor  familiar  with  the 
subject  there  to  be  taught,  who  should  present  to  the  students  the  prin- 
ciples of  his  art  in  proper  form,  and  who  should  be  capable  of  answer- 
ing the  questions  addressed  him  by  his  pupils  in  relation  to  all  details  of 
practice. 


It  was  a century  later,  however,  that  this  project  of  Descartes  took 
shape,  and  the  actual  commencement  of  the  work  is  attributed  to  the 
great  mechanic,  Vaucanson. 

^ This  distinguished  man,  previous  to  1775,  had  gathered  together,  at 
I Hotel  de  Mortagne,  the  first  collection  of  machinery  and  apparatus 
which  was  ever  devoted  to  public  use  in  the  manner  proposed  by  Des- 
cartes. At  his  death,  Vaucanson  bequeathed  this  collection  to  the 

state,  and  it  thus  became  the  germ  of  this  splendid  institution  which  is 
now  so  famous. 

M.  de  Vandermonde,  tbe  first  director,  added  five  hundred  machines 
to  the  collection  between  1785  and  1792. 

In  1793  a “ commission  temporaire  des  arts^^  was  formed,  by  decree  of 
the  Convention  Nationale,  consisting  of  MM.  Vandermonde,  J.  P.  Leroy 
Conte,  Beuvelot,  Molard,  I’Abbe  Gregoire,  and  the  celebrated  physician,^ 

arlos.  This  commission  did  a noble  work  in  collecting  valuable  appa- 
ratus and  models,  and  in  preserving  them  from  injury  during  the  riots 
and  the  turmoil  of  that  sad  period  in  French  history. 

By  a decree  of  the  convention,  it  was  soon  after  ordered  that  a “ eon- 
servatoin  des  arts  et  metiers,  im  dipot  pabUo  de  machines  modetes,  outils, 
dess, ns,  &c.,  should  be  establislied,  and  that  tliree  denionstrateurs” 

‘he  diatingnished  invetil,a7of  oi.e  of  the  earlier  forms 

itely  au^^T’  7“  “ge-eerMstly  urged  the  establishment  of  a deflu- 

acieuoeandTi  itTr®'?  i ‘v ‘"'1'“'  "’‘‘'o'*  oo-l-i-e  instruction  in 

Buienoe  and  m its  useful  applicatiou  in  tbe  arts. 
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and  a designer  should  be  employed.  After  some  delays,  the  new  iiistitu 
tion  was  established  in  the  old  priory  of  Saint- art in  des- Champs. 

The  school  has  experienced  the  vicissitudes  alwaj^s  to  be  aMtici|)ated 
in  such  cases ; but  its  collections  have  never  ceased  growing,  and  its 
field  has  been-  extended  by  the  addition  of  new  depirtments  and  the 
establishment  of  new  professorships,  until  it  now  has  a faculty  of  fifteen 
members. 

Many  of  the  most  noted  French  savants  have  been  members  of  its 
councils  or  of  its  faculty.  Thenard,  Charles,  Darcet,  Dupin,  Say,  Clement, 
Berthollet,  Ghaptal,  G-ay-Lussac,  Arago,  Poiiillet,  Poncelet,  Morin, 
Tresca,  Ollivier,  Bequerel,  Payen,  Peligot,  Moll,  Alcan,  and  others  have 
all  been,  or  are  at  present,  in  the  lists. 

The  names  of  General  Morin,  the  directeur,  and  of  M.  Tresca,  the  sous- 
directeur.,  are  well  known  to  every  educated  engineer  and  mechanic, 
and  their  works  have  assumed  a permanent  place  among  “engineering 
classics.” 

375.  The  works  of  Arbey,  thebuilder  of  some  of  the  excellent  m^ichinery 
noticed  at  Vienna,  are  at  Paris;  the  great  establishment  of  Cail  & 
Oie.  are  also  here.  The  arrangement  of  the  former  (Fig.  217)  is  some- 
what like  that  noticed  at  several  other  establishments.  The  heavier 
tools  are  on  the  lower  floor,  and  lighter  tools  are  mounted  in  galleries  on 
either  side.  Before  visiting  the  latter,  we  made  a journey  to  Le  Creu- 
sot  to  visit  the  great  establishment  of  Messrs.  Schneider  & Go.,  which 
produces  a large  fraction  of  all  the  iron  and  steel  made  in  France. 

376.  Creusot. — This  immense  establishment  has  grown  up  from  a 
very  insignificant  beginning  during  the  past  century.  The  first  build- 
ings were  erected  in  1782,  and  the  mining  of  coal  from  the  beds  which 
underlay  the  present  city  and  works,  then  called  Charbonnieres,  has  never 
since  been  intermitted.  TheelderM.  Sclineider,  who  still  lived*  attlietime 
of  our  visit,  an  active,  intelligent  old  gentleman,  purchased  the  place 

* Eugene  Schneider. — We  regret  that  we  are  compelled  to  record  the  death  ot 
another  of  those  distinguished  engineers  to  whom  the  world  is  so  much  iudebted  for 
its  material  prosperity.  In  Great  Britain,  the  Dowlais  Works,  in  Prussia,  the  great 
establishment  of  Krupp,  at  Essen,  and  iu  France,  the  immense  works  of  the  Messrs. 
Schneider  are  illustrations  of  the  success  which  may  sometimes  attend  earnest  appli- 
cation and  the  exercise  of  a talent  in  organization  and  in  direction  such  as  is  essential  to 
the  prosperity  of  any  large  manufacturing  community.  In  all  these  cases,  the  mar- 
velous accumulation  of  capital  and  the  creation  of  a great  city  by  the  industry  of  a 
single  proprietor,  and  during  a single  life-time,  has  been  the  most  remarkable  fact. 

Eugene  Schneider  and  his  brother  Adolphe  purchased  the  works  at  Le  Creusot  in 
1836.  The  works  had  been  established  a half-century  earlier  by  a company  in  which 
Louis  XVI  held  an  interest.  It  had  never  prospered,  however,  and  thtf  Messrs.  Schnei- 
der bought  it  for  about  two  and  a half  millions  of  francs,  after  thirty  millions  ha 
been  expended  upon  it.  In  1838,  the  first  locomotive  was  built  here  for  a I ranch  rail 
road,  and  Le  Creusot  has  supplied  nearly  all  that  have  been  made  for  them  up  to  t le 
present  time.  There  were  then  employed  at  Le  Creusot  about  2,000  men.  In  1842, 
Bourdon,  the  celebrated  engineer  and  inventor,  then  in  the  employ  of  the  Messrs. 
Schneider,  invented  and  built  for  the  works  a steam-hammer,  at  about  the  sainb  tune 
that  Nasmyth  introduced  his  in  Great  Britain.  In  1815,  M.  Adolphe  Schneider  was 
killed  by  a fall  from  his  horse,  and  Eugene  succeeded  him  in  the  Chamber  of  Deputies, 
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in  1837  for  about  a half  million  dollars,  at  which  time  its  production 
was  40,000  tons  of  coal  and  6,000  tons  of  iron  per  year,  and  the  number 
of  workmen  employed  was  less  than  fifteen  hundred.  The  town  had  a 
population  of  about  three  thousand. 

377.  The  wonderful  change  which  has  occurred  during  this  century  of 
development  was  best  realized  by  the  visitor  when  he  obtained  a view  of 
the  great  collection  of  mills  as  he  approached  them  in  train  from  the 
Paris  and  Lyons  railroad.  The  description  giv^en  by  the  writer  at  the 
time  would  not  be  out  of  place  here. 

Leaving  Paris  early  in  the  morning,  we  reached  Le  Creusot  late  in  the 
evening.  Long  before  reaching  the  latter  city  we  could  see  across  the 
country  great  masses  of  smoke  rising  slowly  from  the  valley  and  floating 
across  the  hills  like  heavy  thunder-clouds,  obscuring  large  tracts  of  the 
country',  which  was  elsewhere  beautifully^  illuminated  by  the  bright  light 
of  the  moon,  then  just  past  the  full.  As  we  finally  skirted  the  town, 
nearing  the  station,  a sight  burst  into  view  such  as  is  seldom  witnessed, 
and  to  which  no  verbal  description  can  do  justice.  The  vast  clouds  of 
smoke  which  we  had  been  watching  from  miles  away  were  issuing  from 
the  tops  of  hundreds  of  chimneys  and  from  the  midst  of  numbers  of 
great  blast  furnaces,  which  rose  -far  above  the  surrounding  buildings. 
The  long  structures  covering  the  rolling-mills  and  forges  were  plainly 
seen  through  the  gloom,  lighted  up  by  a ruddy  glow  from  great  masses 
of  hot  metal  passing  through  the  rolls,  or  by  the  brighter  glare  of  scores 
of  forge-fires  5 and  on  the  hill  above  and  behind  the  works,  barely 
revealed  by  the  light  of  the  partly-obscured  moon,  we  could  see  the 
populous  town  which  has  grown  up  here,  founded  and  supported  by 
this  marvelous  example  of  recent  industrial  progress.  A dull  uninter- 
mitted roar  of  escaping  steam,  the  loud  clatter  of  gearing  from  the 
rolling-mills,  and  the  rumble  ot  the  rolls,  with  the  unceasing  coucussions 
of  many  steam-hammers,  the  sound  of  loud  voices,  now  and  then  rising 

and  was  again  elected  iu  1846.  Meautiiue,  the  works  were  carried  ou  under  the  direc- 

tion of  his  son,  who,  by  his  death,  is  left  to  assume  nomiuallj'^  that  entire  responsi- 
bility whicli  he  has  actually  borne,  although  still  a young  man,  for  many  years.  Eu- 
gene Schneider  was  made  minister  of  agriculture  and  commerce  in  1851,  aud  was  at 
the  same  time  decorated  with  the  insignia  of  a commander  in  the  Legion  of  Honor.  A 
little  later  we  find  him  a member  aud  vice-president  of  the  Corps  Legislatif,  retuaiu- 
ing  by  re-election  in  1857  and  1863,  and  becoming  its  president  iu  1865. 

Dniiugall  this  period  his  establishment  at  Le  Creusot  was  rapidly  increasing  iu  mag- 
nitude aud  importance,  aud  our  readers  will  remember  the  description  given  of  it  by 
our  correspondent,  Professor  Thurston,  after  his  visit  to  M.  Schneider  in  1873,  on  his 
return  from  Vienna.  The  venerable  founder  was  then  at  home,  aud  was  still  exhibiting 
au  earuest  and  intelligent  interest  in  its  affairs,  although  he  had  then  surrendered  aU 
administrative  control  to  his  sou. 


M.  Schneider  has,  throughout  his  life,  taken  au  active  part  in  all  the  public  affairs 
ot  i?rauce  which  are  concerned  in  her  industrial  progress.  He  was  a member  of  the 
general  council  on  manufactures,  a member  of  the  board  of  regents  of  the  Bank  of 
' ranee,  and  was  president  of  one  or  two  societies  formed  for  the  encouragement  of  in- 
iistry.  He  was  decorated  with  the  Grand  Cross  of  the  Legion  of  Honor  in  1868. 

J le  time  of  his  death  the  enlargement  of  the  Creusot  establishment,  which  had 
en  commenced  at  the  time  of  the  visit  of  our  correspondent,  had  been  largely  com- 
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above  the  noise  of  machinery,  and  the  barking  of  the  numerous  in 
the  city  beyond,  mingled  and  produced  almost  as  novel  and  excitim^  an 
impression  upon  the  ear  as  did  the  strange  and  interesting  scene  upon 
the  eye. 

The  works  now  furnish  employment  to  nearly  sixteen  thousand  people 
of  whom  probably  ten  thousand  work  in  the  mines.  ’ 

Twelve  large  blast-furtiaces  were  in  blast,  which  produce  auimallyover 
a hundred  thousand  tons  of  iron,  which  is  consuine*d  in  the  Bessemer 
works  and  the  iron-mills.  Fifty  thousand  tons  of  steel  and  twenty 
thousand  tons  of  iron  rails  are  made,  and  the  machine-shops  turn  out  a 
hundred  locomotives  and  an  immense  amount  of  other  machinery. 

The  blast-furnaces  recently  built  are  twenty  meters  in  height,  and 
others,  of  earlier  construction,  are  twenty-live  meters  high.  They  are 
supplied  with  blast  heated  to  one  thousand  degrees  in  Whitvvell  and 
Cowper  stoves,  both  of  which  are  used. 

Ores  and  fuel  are  obtained  on  the  place,  and  are  of  good  quality.  For 
Bessemer  metal,  imported  magnetite  ores  from  Algeria  are  used,  which 
are  said  to  be  as  pure  and  rich  as  any  in  the  world.  The  metal  forth^ 
converters  is  brought  directly  from  the  blast-furnaces  in  large  ladles, 
into  which  it  is  tap[)ed  from  the  furnace,  and  which  are  drawn  on  aline 
of  rails  to  the  converters  by  horses.  This  peculiarity  of  Creiisot  practice 
is  probably  one  of  the  important  elements  of  successful  competition  with 
other  works. 

It  was  at  this  place  that  the'  Siemens-Martin  process  was  first  made 
successful.  It  is  still  used  in  the  production  of  the  softest  grades  of 
steel.  Both  at  the  works  and  at  Vienna,  remarkably  beautiful  samples 

pleted.  The  works  are  of  such  extent  as  to  cover  over  800  .acres  of  grouud,  em- 
plojMug  about  15,000  workmen,  raising  over  700,000  tons  of  coal  from  the  imderlying 
coal-beds,  making  nearly  200,000  tons  of  pig-iron,  100,000  tons  of  puddled  iron,  and 
75,000  tons  of  steel  per  aunnm.  They  turn  out  100  locomotivei  per  year,  iiuiueuse 
qmintities  of  machinery,  bridge-work,  steam-engines,  and  other  niauii  fact  ires  iu  metal. 

The  coal-mines  employ  1,200  men;  there  are  tliirteen  blast-furnaces,  three  sets  of 
Bessemer  converters,  six  Siemens-Martin  furnaces  (which  were  first  introduced  here) 
rolling-mills  and  forges  employing  over  3,fl00  men,  containing  tifteen  steani-eiigiuos  and 
covering  thirty  acres  of  ground.  The  engine-shops  are  at  Chalons-snr-Saoiie.  and  tar- 
nish ejiiploy  men  t to  2, .500  rnea.  At  Le  Petit  Chalons,  iron-shlp-biiiUliiiij  is  carried  ou 
and  bridge-construction  is  a principal  branch  of  industry.  The  whole  establishment 
now  has  iu  use  over  3,000  steam-eugiues,  Iiaviug  an  aggregate  power  of  .about  20,003 
horses. 

The  town  of  Creusot  has  grown  from  a little  vill.aga,  as  found  by  the  Messrs.  Sclinei 
der,  containing,  possibly,  3,500  people,  to  a city  of  25,000  inhabitants.  It  is  depend- 
ent entirely  upon  the  works  fir  its  maintenauje.  The  director,  M.  Hiuri  Schneider,  i- 
also  the  mayor  of  the  town  ; and  this  patriarchal  form  of  governiuaiit  is  not  the  leas 

interesting  feature  of  the  place. 

M.  Schneider  will  not  soon  he  forgotten.  His  skill  as  a mechanical  engineer, 
ministrative  ability,  his  splendid  power,of  organization,  his  st.atesinausliipi  .|,jj 

ism,  and,  .above  all,  those  noble  traits  of  character  which  endeared  him  to  a 
whom  he  becaine  associ.ated,  h.ave  given  him  the  fame  which  is  .accorded  to  ^ 
cessful  in  every  branch  of  life,  and  have  secured  for  him  that  grateful  renieni 
which  is  the  greater  reward  of  a life  full  of  good  works.  It  is  pleasant 
feel  that  his  mantle  has  fallen  upon  one  who  is  well  worthy  to  wear  it.  bokii  W 
can,  Supplement. 
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of  this  steel  were  shown.  The  great  advantage  possessed  by  this  pro- 
cess in  the  production  of  low  grades  and  fine  qualities  of  steel  arises 
from  the  fiict  that,  when  the  steel  is  ready  to  be  tapped  off,  it  may  be 
tested  to  determine  its  precise  adaptation  to  the  proposed  use  •,  if  not  of 
the  required  degree  of  carbonization  it  may  be  retained  on  the  hearth 
under  a reducing,  or  an  oxidizing, or  a neutral  flame,  as  desired,  and  pig- 
metal,  spiegel,  or  wrought  iron,  which  may  be  needed,  can  be  added,  if 
necessary.  The  molten  metal  may  be  held  in  the  furnace  as  long  as  may 
be  wished,  and  finally,  when'  precisely  of  the  quality  demanded,  may  be 
tapped  off  with  a certainty  that  it  is  of  the  right  composition. 

Some  of  these  steels  contain  as  little  as  one-fourth  of  one  per  cent, 
carbon,  and  are  wonderfully  ductile.  Nothing  resembling  some  of  the 
samples  shown  there  had  been  met  with  by  the  writer.  Since  his  return, 
a few  specimens  have  been  sent  for  test  to  the  Mechanical  Laboratory  of 
the  Stevens  Institute  of  Technology,  which  are  of  similarly  low  grade 
in  carbon  and  equally  remarkable  for  ductility  and  resilience.  The  Mid- 
vale Steel-Works  of  Philadelphia  furnished  these  specimens. 

The  Siemens  regenerative  furnace  is  in  use  at  Le  Creusot,  and  eight 
new  furnaces  were  in  course  of  construction  at  the  mills.  The  rolling- 
mills  were  well  built  and  well  arranged  for  doing  work  efficiently  and 
promptly.  The  buildings  are  very  excellent  in  design,  substantial  in 
construction,  and  well  adapted  to  such  purposes.  The  rolls  were 
strongly  made  and  were  driven  at  good  speed,  and  the  iron  was  well 
handled. 

The  machine-shops  were  of  less  interest.  The  forge  contained  some 
hammers  of  large  size;  the  heaviest  bad  a weight  of  15  tons. 

We  admired  particularly  the  arrangement  of  the  drawing-rooms  and 
offices.  They  were  unusually  well  placed,  neatly  built,  and  well  fur- 
nished, and  were  light,  airy,  and  very  pleasant.  The  office  of  the  super- 
intendent of  each  department  was  placed  in  telegraphic  communication 
with  his  section  of  the  woj;:ks,and  he  gave  orders  to  his  subordinates  and 
received  their  reports  without  leaving  his  chair.  All  offices  were  within 
convenient  distance  of  the  rooms  of  the  proprietor.  The  organization 
and  administration  w^ere  simply  admirable.  The  personnel  of  the  estab- 
lishment comprised  a larger  proportion  of  well-informed  and  well-edu- 
cated officials  than  we  had  met  in  any  similar  establishment  in  Europe. 
The  workmen  seemed,  as  a class,  very  intelligent  and  industrious. 

378.  A visit  to  Lyons,  the  center  of  the  silk-manufacturing  industry 
of  France,  enabled  us  to  see  something  of  the  manufacturing  of  South 
France.  The  manufacture  of  silk  has  constituted  the  principal  industry 
of  this  district  for  many  years.  It  was  first  commenced  about  three 
hundred  and  fifty  years  ago.  Twenty-five  years  ago  it  employed  over 
fifty  thousand  looms,  consuming  a million  of  pounds  of  the  raw  mate- 
rial, valued  at  $30,000,000,  and  producing  goods  worth  neai  ly  double 
that  amount.  The  business  now  employs  about  seventy  thousand  looms 
and  double  that  number  of  workmen,  and  the  value  of  the  product  is 
estimated  at  $80,000,000.  The  work  is  not  done  in  large  manufactories, 
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but  in  the  houses  of  the  people  or  of  the  master- workmen.  A very  large 
quantity  of  the  Lyonnese  silk  is  sent  to  the  United  States. 

The  attempt  was  made  some  years  ago  to  found  a ‘‘Permanent  la- 
dustrial  Exhibition”  at  Lyons.  We  found  the  buildings,  which  covered 
a great  area  of  ground,  nearly  empty;  the  enterprise  was  evidently  a 
failure.  We  found  a few  exhibits  still  remaining.  A horizontal  sta- 
tionary engine,  by  Duvergier,  of  Lyons,  was,  in  some  respects,  worthy 
of  study.  Its  regulator  adjusted  a single-ended  link,  and  the  main  and 
cut-off  valves  were  moved  by  the  same  eccentric.  The  link  could  be 
adjusted  by  hand  when  desired.  The  cylinder  was  overhung  from  the 
end  of  the  frame,  like  the  arrangement  adopted  sometimes  by  Corliss. 

MM.  Marvel  Freres  exhibited  a chain-cable  weighing  82  kilograms 
per  link.  The  same  firm  exhibited  an  armor-plate,  measuring  0.26 x 
1.485x0.270  meters,  and  weighing  19,750  kilograms;  a bridge-plate, 
22.5x0.5x0.12  meters,  and  weighing  1,053  kilograms;  several  heavy 
crank-shafts,  and  an  armor-plate  6 inches  thick,  doubled  up,  as  was 
stated,  cold. 

The  Societd  Anonyme,  of  Oharente,  had  on  exhibition  some  very  fine 
castings  of  Siemens-Martin  steel;  they  were  remarkably  good.  MM. 
Chevalier  & Grenier,  of  Lyons,  presented  a horizontal  compound  engine, 
with  a boiler  fitted  with  superheater,  and  witli  removable  tubes  and  fire- 
box, like  that  exhibited  at  Vienna.  The  governor  was  of  the  parabolic 
class,  with  ball  guide,  and  attached  to  the  throttle-valve.  The  main 
steam-valves  are  plain  and  can  only  cut-off  by^  the  lap  of  the  valve. 

379.  Oail  & CiE.,  at  Paris,  have  a large  establishment  on  the  Quai 
de  Grenelle,  beyond  the  Champs  de  Mars,  in  which  they  employ  nearly 
four  thousand  men.  These  works  produce  large  numbers  of  locomotives, 
steam  engines,  and  machinery,  and  an  immense  quantity  of  sugar 
machinery.  The  buildings  are  low,  usually  of  but  one  story,  are  well 
lighted  and  are  crowded  with  machinery.  Iron  columns  and  girders 
support  the  roofs.  They  are  not  as  conveniently  arranged  as  those  of 
some  other  establishments  visited,  but  a railroad-track  is  carried 
through  every  building,  and  a number  of  small  switching-engines  are 
kept  employed  in  the  transportation  of  material  from  one  to  another. 

The  tools  in  use  are  not  comparable  in  efficiency  to  those  familiar  to 
manufacturers  in  the  United  States.  Some  recent  improvements  and 
some  modern  tools  are  distributed  throughout  the  works.  The  charac- 
ter of  the  work  done  was  very  good  in  all  departments.  We  noticed 
that  all  scrap  was  kept  apart  and  carefully  assorted. 

The  locomotive-shops  were  said  to  turn  out  a hundred  and  twenty 
engines  per  year.  The  number  of  draughtsmen  employed  was  giveu  as 
one  hundred  and  ten  j either  the  number  is  incorrect  or  an  immensely 
greater  expense  must  be  incurred  in  getting  up  new  designs  than  is 
usual  in  such  establishments,  and  must  prove  a heavy  tax.  The  variety 
of  work  done  here  is  greater  than  is  usual  in  such  places,  and  that  tact 
may  possibly  account  for  such  extraordinary  development  of  this  de- 
partment. 


CHAPTER  V. 
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Cleveland  iron-district;  Dimensions  of  furnaces;  Ores;  Fuel;  Flux;  En- 
gines; Source  of  ECONOMY  IN  WORKING ; Lancashire:  James  Watt  & Co.’s 
works  at  Soho;  Low  Moor  iron- works;  Scotch  iron-making  practice;  Glas- 
gow a.nd  ITS  industries;  Ikon  .ship  building;  Ikon  vs.  wood;  Bidder  Co.’.s 
Fairfield  works;  K.  Naiter  &.  Sons;  Other  Bunisii  firms;  Efficiency  ok 
steamers;  Dimensions  .vnd  performance  of  steam-vf3sei.9 ; The  British  nava' j 
Her  Britannic  Majesty’s  iron-clad  Monarch  ; Classification  of  war-vessels  j 
Hull  of  the  Monarch;  Turrets  and  armament;  Engines  and  boilers;  Per- 
formance; British  naval  POLICY ; The  Devastation;  The  Inflexible;  Sir  Jo- 
seph Whitworth  & Co.’SMAClIINERY  AND  gauges;  WhIT WORTH  ORDNANCE;  Co.M- 
PARISON  Wmi  THE  WoOLWICH  SYSTEM;  WhITWORTH’s  COMPRESSED  CAST  STEEL  J 
Value  of  new  and  resilient  metals;  Sheffield;  Steel  and  armor  plate; 
Thomas  Firth  Sons;  Sir  John  Brown  & Co.;  Cammell  & Co,;  South 
M ales;  The  Dowlas’s  works;  The  Siemens  steel  pr<x; esses  ; J.  Penn  *S:  Sons' 
TRUNK  AND  OSCILLATING  ENGINES;  SHIPBUILDING  ON  THE  THAMES. 

380.  After  leaving  France  we  still  bad  a short  time  to  give,  before  the 
sailing  of  the  steamer  in  which  we  had  taken  passage,  to  the  exploration 
of  some  of  those  British  manufacturing  districts  of  which  we  had  seen 
products  at  Vienna.  At  a visit  made  two  years  previously  to  the  priu-  ' 
cipal  of  these  districts,  partly  ou  business  and  partly  for  the  purpose  of 
obtaining  general  professional  information,  the  writer  vVent  over  very 
nearly  the  same  ground.  Tliere  seems  to  have  been  hut  little  change, 
either  in  general  standard  practice  or  in  matters  of  detail  daring  this 
interval. 

A brief  description  of  a few  of  these  leading  establishments  in  each 
of  the  principal  of  these  districts  will  be  quite  sufficient  to  indicate  the 
points  of  resemblance  and  of  difference  between  them  and  similar  estab- 
lishments in  the  (Jnited  States. 

381.  Sharpe,  Stewart  & Co.— Sharpe,  Stewart  & Co.,  of  Manches- 
ter, are  among  the  best-known  and  deservedly-distinguished  of  British 
locomotive  and  machine  building  firms.  Their  practice  is  probably  as 
fairly  representative  of  the  best  English  methods  as  that  of  any  other 
shop  in  the  country.  The  firm  has  been  long  known,  and,  like  those  of 
nearly  all  old  establishments,  its  works  have  grown  into  rheir  present 
shape  veiy  gradually,  and  the  buildings  are  neither  well  arranged  nor 


« 


400 


VIENNA  INTERNATIONAL  EXHIBITION,  1873. 


well  adai)te«l  to  modern  methods  of  work.  Both  buildings  and  tools  are 
too  generally  old  and  dilapidated,  and  are  such  as  would  not  be  retained 
in  use  by  an  American  firm  of  equal  wealth  and  standing.  It  is  the  fact 
however,  that  in  no  part  of  Europe  is  the  economy  to  be  obtained  by 
the  substitution  of  modern  automatic’and  rapidly- working  tools  for  half 


worn-out  machines  of  older  design  so  well  appreciated  as  in  the  United 
States,  and  a “rotation  in  tools,”  as  some  engineer  expresses  it,  is  not 
generally  understood  to  be  an  essential  to  the  greatest  success  in  manu- 
facturing. 

Some  of  the  older  tools  were  here  fitted  with  recent  improvements  in 
details,  as,  for  example,  the  Whitworth  tool-holder,  which  reverses  the 
edge  of  the  tool  of  the  plauiug-machine  at  each  muv^einent  of  the  table 
and  places  it  in  position  to  cut  each  way.  The  tool  is  carried  in  a cylin- 
drical holder,  with  vertical  axis,  and  with  its  edge  in  the  axial  line. 
Simultaneously  with  the  reversal  of  motion  of  the  table  this  tool-holder 
makes  a half  revolution  and  presents  the  cutting-edge  of  the  tool  in 
position  for  taking  a cut  in  the  new  direction  of  travel.  The  tool  is 
usually  round-nosed,  to  avoid  the  difficulty  which  would  be  met  with  in  . 
securing  the  precise  adjustment  of  the  common  side-tool.  A slotter, 
fitted  with  two  tools  and  used  in  dressing  the  crauks  of  locomotive-axles, 
was  another  illustration  of  a successful  attempt  to  economize  labor.  All 
macliine-tools  were  fitted  with  automatic  feed-motions. 

The  tiriu  are  buildiug  large  numbers  of  locomotives.  Their  practice 
is  .in  some  respects  in  advance  of  that  of  the  majority  of  British  build- 
ers, and  some  of  their  designs  are  very  similar  to  those  which  have  long 
been  standard  in  the  United  States.  In  some  points  it  resembles  that 
subsequently  seen  at  Orewe,  in  the  shops  of  the  London  and  Northwest- 
ern Railroad  Company.  The  variety  of  styles  of  engine,  both  passenger 
and  ifeight,  was  remarkably  great,  and  special  designs  seemed  to  have 
been  frequently  made  for  foreign  markets,  to  which  a large  number  of 
engines  have  been  supplied  by  the  company.  The  use  of  outside  cylin- 
ders is  more  usually  adopted  here  than  in  the  general  practice  of  British 


firms.  The  simplicity  of  parts  and  the  superior  strength  of  the  straight 
axle  in  this  plan  of  eugiiie  have  long  ago  made  it  the  standard  design 
in  the  United  States.  It  is  much  less  frequently  seen  in  Great  Britain, 
and  the  breakage  of  cranked  axles  is  therefore  not  infrequent.  The 
driving-wheels  are  all  Hanged,  and  even  the  intermediate  wheels  are 
not  left,  as  in  American  engines,  without  fiauges.  The  tires  are  made 
of  Vicker’s  crucible-steel.  The  engine-frames  are  made  of  plate,  an 
lire  planed  on  each  side  to  bring  them  to  size.  This  seems  an  operation 
for  which  some  less  expensive  substitute  should  be  found.  The  plan  o 
grinding  practiced  at  Orewe  is  probably  far  preferable..  The  fire  boxes  o 
the  boilers  of  the  locomotives  are  made  usually  of  copper.  The  tu  e 
sheetsare  made  an  inch  or  more  in  thickness  where  they  receive  the  tu  es, 
and  are  worked  down  to  the  same  thickness  as  the  remaining  parto 
fire-box  where  clear  of  the  tubes.  This  plan  was  entirely  unfami  lar 
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the  writer,  and  is  probably  but  little  practiced,  if  known  at  all,  in  the 
United  States.  Where  it  can  be  done  conveniently,  the  riveting  is  done 
by  steam  with  a rather  light  steam-riveter,  which  sets  up  seven-eighths 
rivets  with  two  blows.  The  edges  of  the  sheets  are  planed  instead  of 
being  left  to  be  chipped  after  riveting  up,  with  the  serious  risk  of  in- 
juring the  lower  plate  along  the  edge  of  the  lap.  The  practice  of  plan- 
ing the  edges  has  been  introduced  into  the  United  States,  but  is  far  less 
general  than  it  sliould  be.  The  shells  of  the  boilers  were  made  of  | to 
J inch  plate,  butt-jointed,  with  the  covering-strips  on  the  outside  except 
where  the  laps  occurred.  The  work  was  all  carefully  laid  out  and  well 
done.  The  seams  looked  well  along  the  laps  and  at  the  corners,  and  the 
rivets  were  of  good  quality  and  well  headed.  The  machine-work  was 
all  good,  and  some  of  it  was  exceptionally  excellent.  The  firm  make  a 
great  variety  of  small  machinery  and  of  attachments  to  engines  and 
boilers.  The  effort  seems  to  be  made  to  make  them  cheaply  and  to 
give  them  efficiency  without  expending  anything  for  finish.  They  are 
the  licensees,  in  Great  Britain,  of  the  patents  of  Giffard  on  his  injectors, 
and  of  the  Messrs.  Sellers  for  some  of  their  finest  tools.  The  firm  have 
made,  it  is  stated,  over  25,000  Gitfard  injectors  in  one  year.  We  found 
nothing  to  demand  notice  in  the  fouiidery.  Scotch  pig  seemed  to  be 
largely  used  *,  we  saw  a considerable  amount  of  Glengaruock  and  Gart- 
sherrie  in  the  stock-piles. 

382.  Crewe.— London  and  N’orthwestern  Kailroad  Eepair- 
Shops. — The  works  of  the  London  and  Northwestern  Railroad,  at  Crewe, 
nearly  midway  between  London  and  Liverpool,  are  exceedingly  interest- 
ing to  the  engineer.  These  works  employ  about  6,000  men,  and  the  city 
which  has  been  built  up  around  them  contains  nearly  25,000  people,  who 
are  all  directly  or  indirectly  dependent  upon  them  for  support.  In  this 
establishment  a hundred  and  fifty  locomotives  are  constructed  each  3’ear, 
and  all  the  locomotive-stock  of  the  company,  1,700  or  1,800  in  numberj  are 
kept  in  repair.  The  low  steel,  and  much  of  the  iron  and  other  material 
used  in  the  shops,  are  made  on  the  grounds ; even  the  bricks  which  are 
to  be  used  in  new  buildings  are  made  here,  a large  annular,  perpetual 
kiln,^of  the  Hofiman  kind,  furnishing  them  in  sufficient  numbers  and 
at  comparatively  low  cost.  They  are  molded  in  a powerful  machine, 
built  at  Rugby,  which  is  capable  of  turning  out  30,000  per  day. 

The  works  grew  into  their  present  shape  under  the  superintendence 
of  Mr.  Ramsbottom,  who  had  recently  left  Crewe,  and  had  been  suc- 
ceeded by  another  distinguished  engineer,  to  whom  the  writer  is  indebted 
for  essential  favors.  Mr.  Ramsbottom  planned  the  works,  and  has 
made  the  establishment  one  of  the  finest  of  its  kind  in  Europe.  He  is 
one  of  the  most  ingenious  and  boldest  engineers  living,  and  has  intro- 
duced here  some  of  the  most  radical  departures  from  standard  designs 
and  practice  and  some  of  the  most  effective  and  original  machinery  to 
be  seen  in  Great  Britain. 

The  steel- works  contain  four  10- ton  converters,  which  are  kept  quite 
20  MA 
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well  employed  j their  product  is  converted  into  boiler-plate,  rails,  tires, 
and  running-parts  of  engines.  The  accessory  apparatus  is  well  designed 
and  well  arranged.  Our  distinguished  American  designer,  A.  L.  Holley, 
could  not  have  done  much  better  had  he  planned  these  steel- works. 

The  foundery  is  large,  well  built,  finely  lighted,  and  is  furnished  with 
a number  of  hydraulic  cranes  near  the  ends,  and  has  a strong,  quick- 
working, travelling  crane,  running  from  end  to  end.  It  is  well  fitted  up 
for  making  large  numbers  of  small  castings,  and  the  work  seen  finished 
and  in  progress  was  excellent. 

The  rolling-mill  contains  large  plate-rolls  driven  by  the  Ramsbottora 
reversing-engine,  of  which  the  use  is  becoming  quite  common  in  Great 
Britain.  This  engine  is  attached  directly  to  the  train,  and  makes  the 
same  number  of  revolutions  as  the  rolls.  Instead  of  reversing  the  mill 
at  each  pass  by  cross-gearing  and  clutches,  as  is  usual  in  old  mills,  the 
engine  is  here  reversed  by  means  of  the  Stephenson  link  commonly  em- 
ployed on  marine  engines.  In  order  that  reversing  may  be  done 
promptly  and  with  certainty,  the  engine  has  been  made  without  a 
fly-wheel,  and  is  given  great  strength.  It  has  two  steam-cylinders 
coupled  to  cranks,  set  at  right  angles  with  each  other,  and  the  valves 
are  given  very  little  of  either  lap  or  lead.  This  engine  has  not  been 
introduced  to  any  extent  in  the  United  States.  The  system  of  three- 
high  rolls,  with  the  rising  and  falling  table  introduced  by  Mr.  Charles 
Hewitt,  for  iron,  and  afterward  by  Mr.  Holley  and  Mr.  Fritz  in  steel, 
mills,is  usually  thought  quite  asgood,  and  by  many  engineers  preferable. 

The  steel-works  and  the  puddling-mill,  which  latter  contains  about  a 
dozen  furnaces,  keep  the  rolls  well  employed. 

The  peculiar  steam-hammer  in  use  here  is  one  of  the  striking  innova- 
tions on  ordinary  practice  with  which  Mr.  Ramsbottom  is  to  be  accred- 
ited. It  consists  of  two  immense  masses  of  iron  forming  the  hammers, 
which  are  mounted  on  carriages  sustained  by  small,  strong,  friction- 
wheels,  and  move  toward  or  separate  from  each  other  by  moving  hori- 
zontally on  rails.  Between  them  is  the  anvil,  which  merely  takes  the 
weight  of  the  piece  to  be  worked,  while  it  is  struck  simultaneously  by 
the  two  hammers  which  approach  it  from  either  side.  The  hammers 
are  driven  by  large  steam-pistons,  which  are,  in  this  case,  set  below  the 
floor  and  under  the  anvil.  This  hammer  requires  no  such  foundation 
as  is  needed  by  the  usual  fortn  of  steam-hammer,  and  it  possesses  the 
apparently  generally  unrecognized,  but  nevertheless  important,  advan- 
tage, that  none  of  the  energy  of  the  blow  is  wasted  and  misapplied  to 
the  shaking  of  the  earth  and  the  injury  of  the  buildings;  it  is  all  use- 
fully applied  to  the  shaping  of  the  work.  For  many  kinds  of  work  this 
hammer  has  such  decided  advantages  over  the  standard  forms  that  it 
seems  surprising  that  it  has  not  become  more  widely  known  and  more 
generally  introduced.  There  were  three  of  these  hammers  in  use  at 
Crewe.  One  of  the  smaller  ones  was  used  in  working  out  the  cone- 
shaped  steel  castings  which  were  made  for  tires.  In  making^  these 
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tires,  the  castiags  were  taken  for  fiuishing  to  a singularly-constructed 
stretching- mill,  in  which  they  were  forced,  by  a process  of  rolling  and 
pulling,  along  an  iron  cone,  by  which  they  were,  at  a single  operation, 
given  the  required  size.  The  plan  was  exceedingly  ingenious,  and  can- 
not be  described  without  complete  drawings.  With  good  tough  metal 
it  works  well.  Engine-tires  were  all  carefully  turned,  but  the  tires 
used  for  tenders  were  left  as  they  came  from  the  mill. 

The  puddling-furnaces  at  Crewe  were  of  the  ordinary  form.  The 
heating-furnaces  were  those  of  Siemens,  and  the  amount  of  work  done 
at  these  works  may  be  well  indicated  by  the  fact  that  these  furnaces 
consume  200  tons  of  fuel  per  day  in  the  gas-producers. 

The  boiler-shop  was  as  well  planned  and  built  as  the  foundery.  Here 
they  were  using  steel  in  the  shells  of  their  locomotive-boilers,  and  were 
trying  it  in  tire-boxes  where  they  h,id  previously  used  copper  exclu- 
sively ; the  results  were  reported  to  be  satisfactory.  The  use  of  steel  in 
locomotive-boilers  has,  so  far  as  the  writer  has  had  knowledge,  always 
been  satisfactory  in  result  where  the  metal  has  been  obtained  of  uniform 
quality.  If  given  just  sufficient  carbon  to  enable  it  to  be  melted  in  the 
crucible  or  on  the  hearth,  and  to  be  made  so  fluid  as  to  become  thor- 
oughly homogeneous,  steel  is  always  found  best;  if  it  contain  much 
above  one-quarter  of  one  per  cent,  carbon,  it  is  likely  to  prove  unsatis- 
factory, sometimes  hardening,  and  frequently  cracking,  if  used  in  fire- 
box plates. 

In  riveting,  the  work  is  done,  where  possible,  by  the  steam-riveter, 
and  usually  the  rivet  is  closed  up  by  two  blows.  The  older  riveting- 
machines  were  too  light  to  do  good  work  at  a single  blow;  and  it  may 
be  doubted  whether  it  is  not  better  practice  to  use  a light  machine  in 
the  manner  described  than  a heavy  machine,  striking  a single  blow,  un- 
less, like  the  machine  of  the  Providence  Steam-Engine  Company,  one 
die  is  used  to  hold  the  sheets  together,  while  the  rivet  is  headed  up  by 
a second  die  driven  by  an  independent  steam-piston.  The  seatings  for 
man-hole  plates,  safety-valves,  dome-tops,  and  such  details,  are  of 
wrought  iron,  struck  up  in  a single  piece — an  excellent  practice,  and 
one  which  should  be  adopted  universally.  The  usual  habit  in  the  United 
tates  of  using  castings  for  such  parts  is  vastly  less  satisfactory  and  is 
anything  but  creditable. 

The  machine-shops  were  extensive,  well  lighted,  and  well  arranged,  and 
contained  some  excellent  tools;  the  latter  were  principally  of  Whitworths 
manufacture. 

Some  peculiarities  of  practice  in  making  details  were  observed  here. 
Eccentric  straps  were  usually  bushed  with  a kind  of  Babbitt  or  white 
metal ; connecting-rods  were  made  solid  at  the  ends,  instead  of  being 
fitted  with  costly  straps,  with  their  gibs,  keys,  and  set  screws,  and  were 
simply  bored  out  to  receive  bushings  of  white  metal  in  place  of  the 
usual  form  of  brass  box.  These  bearings  run  well  for  a year  or  more ; 
when  they  begin  to  shake,  they  are  taken  out,  recast,  and  replaced,  an 
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operation  of  little  cost  and  requiring  ver^^  little  time.  This  method  was 
reported  to  have  proved  perfectly  satisfactory.  Its  cheapness  and  con- 
venience are  important  recommendations. 

The  boiler-shells  are  usually  48  inches  .diameter  and  of  f inch  plate 
and  are  subjected  to  working-pressures  of  120  or  130  pounds  per  square 
inch. 

Both  feed-pumps  and  injectors  are  used.  The  latter  are  of  a simple, 
cheap,  and  quite  effective  form,  which  resembles  slightly  some  of  the  cheap 
styles  used  in  the  United  States  and  elsewhere. 

Here,  as  all  over  Europe,  the  frames  of  the  locomotives  are  made  of 
heavy  iron  plate  IJ  inches  thick,  cut  into  shape  and  tool-dressed  to  fit; 
this  is  done  by  piling  six  or  more  upon  the  planer-table  and  working  all 
together.  When  given  the  desired  outline  they  are  removed  from  the 
cutting-tools  and  placed  in  a tank,  where  they  are  flooded  with  water 
and  are  ground  smooth  by  a horizontal  grindstone  ; the  method  seems 
to  satisfy  the  manager,  and  was  said  to  be  both  effective  and  inexpen- 
sive. 

. The  style  of  locomotive  now  usually  built  resembles  the  American 
type  somewhat,  but  has  driving-wheels  of  larger  size.  On  passenger- 
engines  these  wheels  are  from  to  feet  in  diameter;  the  former  size 
is  the  most  common.  Formerly,  very  large  wheels  were  used  on  fast 
engines ; they  were  not  infrequently  8 and  were  sometimes  10  feet  in 
diameter ; the  Cornwall,  with  drivers  of  the  latter  size,  was,  at  the  time 
of  this  visit,  at  work  on  the  line.  These  large  wheels  are  only  in  single 
pairs;  they  are  said  to  shake  too  seriously  at  high  speed;  they  are 
driven  by  outside  cylinders.  The  smaller  sizes  are  usually  built  for 
engines  having  inside  cylinders  and  two  pairs  of  coupled  drivers ; they 
are  now  used  in  nearly  all  new  passenger-engines;  as  on  railroads  in  the 
United  States.  Freight-engines,  or  “ goods-engines,”  as  they  are  called 
in  Great  Britain,  are  given  smaller  wheels. 

In  these  engines  the  solid- bar  link  is  adopted;  it  possesses  some  im- 
portant advantages  over  the  strap  link;  it  is  simple  and  strong  and 
wears  well. 

Trucks,  or  “bogies,”  are  not  used  by  British  Engineers,  who  consider 
that  the  short  wheel-base  introduces  a serious  element  of  danger  in  its 
liability  to  swing  across  the  track,  and  who  think  that  the  small  leading- 
wheels,  necessarily  used  under  a locomotive  truck,  are  also  objectionable. 
They  prefer  a single  pair  of  larger  leading- wheels  carried  in  a rigid  frame 
without  radius-bar. 

The  Ramsbottom  packing-rings  are  used  on  pistons.  These  are  single 
small  rings  sprung  into  grooves  turned  in  the  face  of  the  piston.  This 
dispenses  with  followers  or  “junk-rings,”  and  is  inexpensive.  The  same 
plan  has  been  frequently  tried  in  the  United  States  with  many  variations 
of  proportions  and  with  varying  success. 

The  wrought-iron  wheel  is  almost  exclusiv'ely  used,  but  cast  wheels 
are  on  trial.  Quite  recently  the  distinguished  American  engineer  Mr. 
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W.  W.  Evans,  of  New  York,  has  exported  American  wheels  to  foreign 
countries.  No  success  has  been  met  with  abroad  in  making  these 
wheels,  and  it  does  not  seem  probable  that  such  wheels  as  our  roads 
have  used  so  long  can  be  made  in  other  countries,  until  such  metal  as 
we  use  can  be  obtained  there. 

A system  of  mechanical  firing  was  in  use  at  Crewe  under  shop-boilers, 
and  was  reported  to  be  very  successful. 

This  great  manufactory  should  be  visited  by  every  one  who  desires 
to  see  the  best  of  British  practice  and  the  most  original  inventious  of 
this  class  to  be  found  in  the  country. 

383.  British  iron-making  is  seen  in  its  most  characteristic  develop- 
ment in  the  newer  iron-making  districts  of  Cumberland  and  Cleveland. 
There  has  been,  during  past  years,  a continuous  but  not  very  rapid 
improvement  in  the  methods  and  plant,  which  now  seems  to  have 
reached  its  limit.  Economy  in  the  production  of  iron  from  the  ore  is 
promoted  by  increasing  the  size  of  furnace  and  elevating  the  tempera- 
ture of  blast.  The  limit  in  the  first  direction  is  practically  determined 
by  the  strength  of  the  fuel,  in  most  cases.  When  the  furnace  is  given 
a height  at  which  the  fuel  is  crushed  under  the  superincumbent  weight, 
further  increase  of  altitude  becomes  impossible.  As  the  maximum 
diameter  is  determined  by  the  altitude,  it  also  becomes  impossible  to 
exceed  a certain  capacity  of  furnace,  which  will  vary  with  every  varia- 
tion in  the  hardness  of  the  fuel.  Where  the  limit  is  not  thus  fixed,  it 
is  found  that  the  increase  of  economy  becomes  less  and  less  as  the 
magnitude  of  furnace  increases,  and  it  finally  becomes  so  slight  as  to  be 
balanced  by  higher  proportional  increase  of  direct  and  incidental  ex- 
penses of  building  and  working. 

In  the  Cleveland  district  the  strength  of  the  coke  used  as  fuel  is  such 
that  the  latter  causes  have  determined  the  limit,  and  the  furnace  now 
apparently  most  generally  approved  is  about  75  or  78  feet  in  height  and 
26  or  27  feet  in  diameter  of  bosh. 

The  increased  economy  which  attends  elevation  of  temperature  of 
blast  has  similarly  attained  a limit  in  practice,  which  is  somewhat  above 
the  highest  temperature  yet  actually  reached.  Where  iron  hot-blast 
stoves  are  used,  they  limit  the  temperature  of  blast  to  about  1,200^  as 
a maximum,  as  they  are  liable  to  crack  seriously  at  a higher  range. 
With  the  Whitwell,  the  Cowper,  the  Sellers,  and  other  stoves  in  which 
more  refractory  materials  than  iron  are  used,  the  temperature  has  been 
carried  several  hundred  degrees  higher,  but  with  very  little  if  any 
Advantage ; on  the  whole,  and  practice  seems  to  have  settled  down  at 
about  1,200°  F. 

384.  Cumberland  hematite-district. — In  the  northwest  corner  of 
England,  near  the  celebrated  ‘‘  Lake  District,”  and  in  the  neighbor- 
hood of  the  well-known  ruins  of  Furness  Abbey,  there  has  lately 
sprung  up  an  immense  business  in  the  mining  of  ores  and  in  the  man- 
ufacture of  iron  and  of  steel.  It  is  but  a few  years  ago  that  the  now 
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well-known  Cumberland  hematite-ore  was  found  to  be  the  only  British 
ore  well  adapted  for  the  Bessemer  and  Siemens  process  of  steel-mak- 
iug.  The  section  of  country  has,  in  consequence  of  this  discovery,  been 
rapidly  settled,  and  manufactures  of  metal  have  been  developed  here 
with  a rapidity  only  equaled  in  the  neighboring  Cleveland  district  and  in 
the' western  portions  of  the  United  States. 

As  the  present  tendency  of  improvement  in  the  applications  of  metal 
is  evidently  to  the  introduction  of  the  low  grades  of  steel  and  its  sub- 
stitution in  nearly  all  directions  for  iron,  a capacity  for  the  production 
ot  steel  in  large  quantities  and  for  long  periods  at  small  expense,  either 
in  making  or  in  transportation  to  the  market,  will  probably  ultimately 
determine  the  position  to  be  held  by  any  country  in  reference  to  the 
markets  of  the  world.  The  standing  of  Great  Britain,  therefore,  is  not 
improbably  dependent  upon  the  extent  of  this  one  deposit  of  ore  and 
upon  the  skill  and  economy  with  which  it  is  worked.  Our  own  country, 
with  its  vast  deposits  of  rich  and  poor  ores,  seems  far  more  likely  than 
Great  Britain  to  supply  the  world,  in  the  near  future,  with  its  steel. 

385.  The  works  of  the  several  firms  producing  steel  and  iron  in  the 
Cumberland  district  are  situated  in  and  near  the  city  of  Barrow.  This 
city  has  grown  up  since  the  discovery  of  the  value  of  this  ore  from  a 
mere  village  to  a town  of  nearly  thirty  thousand  inhabitants.  The 
whole  of  this  section  is  owned  by  the  Dukes  of  Devonshire  and  of 
Buccleugh,  of  whom  the  one  holds  the  lands  and  the  other  all  manorial 
rights.  They,  with  a few  other  capitalists  from  other  portions  of  Eng- 
land, hav'e  controlled  the  whole  of  the  immense  mining  and  manufac- 
turing interests  now  concentrated  here. 

The  first  blast-furnace  was  erected  in  1859  by  Messrs.  Schneider, 
Hanuey  & Co.  The  first  steel-making  plant  was  erected  by  Sir  James 
Ramsden,  in  1864.  In  1866,  these  establishments  passed  into  the  pos- 
session of  the  Barrow  Hematite  Iron  and  Steel  Compan}’^,  which  also  ac- 
quired title  to  the  mining-property,  and  thus  secured  control  of  all  the 
industrial  enterprises  of  the  district. 

At  the  time  of  our  visit  there  were  sixteen  blast-furnaces  at  work. 
They  varied  in  height  from  56  to  61  feet,  and  in  diameter  from  16 
to  19  J feet.  The  largest  yields  400  tons  of  iron  per  week,  and  is  thought 
to  be  quite  as  large  as  is  advisable  for  this  district.  The  temperature 
of  blast  was  stated  to  be  about  900o  F.;  an  increased  temperature  had 
been  found  to  give  no  advantage.  The  blast  was  furnished  by  nineteen 
blowing-engines  which  average  about  100  horse-power  each.  The  total 
production  of  cast  iron  was  given  at  about  300,000  tons  per  year,  which 
was  principally  of  dark  foundery-grades,  well  adapted  to  use  in  the 
Bessemer  works.  The  ores  are  used  without  mixture,  and  seem  to  work 
well  in  the  furnace. 

The  steel-works  contain  eighteen  converters  and  produce  about  100,000 
tons  of  steel-rails,  tires,  and  other  material  per  annum.  The  whole 
establishment  was  unusually  well  arranged,  and  the  buildings  were  well 
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Fig.  219. — Bird’s-eye  view  of  the  Barrow  Hematite  Steel-Works. 
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planned,  light,  airj",  and  convenient.  The  machinery  is  all  well  made, 
substantial,  and  of  the  most  modern  British  designs.  There  were  some 
places  at  which  the  improvements  introduced  by  Mr.  A.  L.  Holley  into 
American  practice  could  be  adopted  with  advantage. 

The  iron  from  tbe  blast-furnaces  enters  the  steel-works  atone  end  and 
leaves  as  finished  metal  at  the  other.  The  roll- trains  are  heavy,  and  are 
driven,  in  one  case  at  least,  by  one  of  the  Kamsbottoin  reversing  engines, 
which  have  been  received  with  so  much  favor  in  England.  . 

386.  The  Cumberland  red  hematite  is  a very  pure  sesquioxide.  The 
following  analyses  indicate  its  character. 


These  ores  contain : 

Oxide 

Phosphorus 

Sulphur 

Silica 

Alumina 

Prot.  manganese 

Lime 

Magnesia 

Water 


Total  . 
Metallic  iron 


Best. 

Ordinary. 

Lean. 

95. 

78.61 

61.39 

0. 

.01 

0.01 

0. 

.01 

Traces 

4.  .31 

16. 15 

27.  00 

0. 07 

1.67 

2.76 

0. 04 

.24 

.24 

0. 34 

.60 

1.17 

Traces. 

.24 

.65 

0.47 

2. 00 

6. 59 

100. 23 

99. 53 

99. 72 

0. 66 

0.55 

0. 43 

The  Spiegeleisen  used  at  Barrow  is  obtained  from  Germany  and  Swe- 
den. The  Swedish  is  considered  fully  equal  if  not  superior  to  the  German. 
The  limestone  is  found  in  the  neighborhood.  The  coke  is  Durham  coke, 
and  is  brought  across  from  Yorkshire  at  small  expense. 

387.  Specimens  of  the  steel  made  at  Barrow  were  subjected  to  experi- 
ment by  Fairbairn,  who  found  it  to  hav’e  properties  as  recorded  in 


columns  A and  B. 

A.  B.  c. 

Specific  gravity 7. 75-^  7.795  7.785 

Weight  per  square  foot.... 483.70  486.40  485.50 

Tenacity 80, 905. 00  72, 195.  00  89, 504. 00 

Crushing  strength 225,568.00  225,568.00  225,568.00 

Tensile  resilience 2, 547. 00  3, 351. 00  2, 719. 00 

Crushing  resilience 41,420.00  50,207.00  41,848.00 

Modulus  of  elasticity 33, 663, 333.  00  27, 881,  000. 00  30, 421, 000. 00 

Co-efficient  (tons)  of  transverse 

strength 4. 50  3.  90  5. 35 


The  experimenter  compares  the  Barrow  steels  with  other  Bessemer 
steels  of  well-known  makers,  which  have  the  mean  values  given  in 
column  0. 

A riv^eted  girder,  composed  of  a web  12  inches  deep  and  J inch  thick, 
with  flanges  inches  wide,  of  angle  iron  x X J inches  and  13.9 
feet  between  supports,  deflected  0.1  inch  under  5,000  pounds,  0.2  under 
12,000,  0.4  under  26,000,  1 inch  under  38,000,  and  broke  after  a deflec- 
tion of  1.8  inches  and  under  a weight  of  49,544  pounds,  yielding  by  tear- 
ing the  lower  flange.  A similar  girder  gave  way  by  lateral  flexure  under 
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STRENGTH  OF  BARROW  STEEL. 
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about  30,000  pounds.  These  steel  beams  were  pronounced  by  Mr.  Fair- 
bairn  one-third  stronger  in  resistance  to  deflection  than  the  best  wrought 
iron,  and  much  superior  in  their  resistance  to  impact. 

588.  This  low  steel  is  the  best  known  material  for  rolled  beams,  and 
for  built  girders  intended  to  resist  either,  or  both  dead  load  and  impact. 
In  ultimate  strength  the  ratio  of  this  Bessemer  metal  to  good  iron  is 
as  1 to  0.652. 

A collection  of  specimens  of  these  steels  has  since  been  presented  to 
the  Engineering-Department  of  the  Stevens  Institute  of  Technology. 
Specimens  cut  from  the  head  of  a steel  rail  were  subjected  to  test  in  the 
autographic  testing-machine,  and  the  strain-diagrams  (of  one  of  which 
Fig.  220,  No.  93,  presents  ^ fac-simile)  automatically  recorded  by  the  ma- 
chine corroborate  general  testimony  regarding  the  quality  of  the  softer 
Barrow  steels. 

This  specimen  was  cut  from  the  head  of  a Barrow  rail  which  had 
been  bent  up  cold  to  an  angle  of  120°  without  cracking. 

The  elastic  .limit  is  seen  to  be  moderately  high,  28,000,  indicating  a 
combination  of  elasticity  and  good  wearing  qualities.  The  ultimate 
strength  is  about  70,000  pounds  per  square  inch ; the  elasticity  is  uni- 
form and  the  resilience  unusually  high. 

In  homogeneousness  of  structure,  the  metal  is  not  quite  equal  to  the 
other  metals  of  which  the  strain-diagrams  are  given  for  comparison, 
but  it  is  freer  from  internal  strain,  and  consequently  from  inherent  defi- 
ciency of  stiffness,  than  are  the  others.* 

389.  The  Cleveland  district. — This  iron-making  district  of  York- 
shire is  situated  in  the  Northeast  section  of  England,  and  is  generally 
known  as  the  Cleveland  district.  The  principal  seat  of  this  industry  is 
in  the  neighborhood  of  Middlesborough-oii-Tees,  and  the  ore  is  obtained 
from  the  Yorkshire  hills  a few  miles  from  the  river.  This  district  has  had 
almost  as  rapid  a development  as  the  Cumberland  region.  Its  princi- 
pal city,  Middlesborough,  was,  like  Barrow,  a mere' hamlet  a quarter  of 
a century  ago,  and,  like  Barrow,  has  now  grown  into  a city  containing 
over  25,000  people ; and  where  there  was  then  only  an  extended  and 
barren  moor,  desolate  and  seemingly  valueless,  there  are  now  more 
than  a hundred  blast  furnaces,  many  of  which  are  larger  than  any  yet 
built  in  any  other  part  of  the  world. 

It  is  in  this  district  that  builders  of  furnaces  have  exhibited  the  great- 
est intelligence  and  enterprise  in  pushing  improvements  to  their  practi- 
cal limits,  and  a maximum  of  economy  in  production  has  been  attained 
by  the  use  of  large  furnaces  and  of  heated  blast. 

390.  At  a former  visit,  in  1871,  the  writer  examined  these  furnaces 
very  carefully.  The  largest  furnaces  then  built  were  a pair  built  for 
Messrs  Cochrane  & Co.,  w’hich  were  30  feet  in  diameter  and  95  feet  high, 

* See  a paper  by  the  author  “ On  the  strength,  elasticity,  ductility,  and  resilience  of 
materials  of  machine-construction  f’  Transactions  American  Society  of  Civil  Engi- 
neers j Van  Nostrand’s  Engineering  Magazine  j Journal  Franklin  Institute,  &c.,  1874. 
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with  a capacity  of  30,000  cubic  feet.  These  have  since  been  lined  and 
brought  to  a diameter  of  27  feet,  as  it  was  found  that  they  were  too 
large  to  work  satisfactorily.  They  were  fitted  with  the  Cowper  hot-blast 
stove,  heating  the  blast  to  a temperature  of  1,400°  F. 

The  furnaces  of  Messrs  Gjers,  Mills  & Co.,  are  85  feet  high  and  25 
feet  in  diameter  of  bosh.  Their  hearths  are  8 feet  in  diameter  and  8 
feet  high.  The  brickwork,  the  inner  and  outer  stacks  included,  is  made  <{ 
of  Newcastle  fire-brick,  which  is  there  less  expensive  than  the  ordinary 
building-brick  generally  used  elsewhere.  The  body  of  the  furnace  is 
built  up  nearly  ia  the  form  of  a cylinder,  tapering  slightly  as  it  rises, 
and  is  hooped  with  iron.  In  many  cases  furnaces  are  now  incased  with 
sheet-iron.  At  Middlesborough  the  foundations  are  made  of  concrete. 

The  temperature  of  blast  usually  carried  is  about  1,200°  F.,  and  the 
cast-iron  stove  with  “pistol-pipes”  is  generally  used. 

The  usual  proportion  of  diameter  to  height  of  furnace  is  about  1 to  3, 
and  of  diameter  of  hearth  to  altitude  about  1 to  11. 

The  blast  is  invariably  heated,  and  a tall  chimney  is  usually  built  to 
take  away  the  products  of  combustion  from  the  stoves  and  boilers. 
That  at  the  above-described  furnaces  had  a height  of  110  feet.  The 
area  of  heating-surface  in  the  stoves  was  somewhat  variable,  but  the 
best  practice  was  claimed  to  give  about  1,250  square  feet  per  thousand 
cubic  feet  of  blast  per  minute,  reckoned  by  the  capacity  of  the  blowing-  il 
engines. 

The  furnaces  of  the  Ferry  Hill  Company,  which  are  a little  way  out 
of  the  city,  are  the  highest  in  the  district.  They  have  a height  of  102J 
feet  and  a diameter  of  bosh  of  27 J feet.  They  were  claimed  to  have 
made  iron  more  economically  than  any  other  furnaces  in  the  shire,  pro- 
ducing 550  tons  per  week  with  less  than  500  tons  of  fuel. 

At  Spennymoor,  near  Ferry  Hill,  we  found  the  furnaces  of  the  Wear- 
dale  Iron- Works — Messrs.  Rogerson  & Co. — and  examined  the  plant  with 
some  care.  The  two  blast-furnaces  are  each  85  feet  high  and  26J  feet 
in  diameter  of  bosh,  supplied  with  a blast  of  a temperature  of  1100°  F., 
and  3J  pounds  pressure.  The  product  was  stated  to  be  from  300  to  400 
tons  per  week.  The  ore  was  a mixture  of  Cleveland,  Weardale,  and 
Spanish’.  The  coke  was  very  hard,  resonant,  and  strong,  and  was  used 
at  the  rate  of  27 J cwt.  per  ton  of  iron  made.  The  hoist  was  a water  lift- 
The  stoves  were  of  iron.  The  iron  made  here  contains  both  sulphur  and 
phosphorus  in-  small  quantities,  but  is  very  uniform  in  quality,  even- 
grained,  and  strong. 

The  pig  was  decarbonized  in  64  puddling-furnaces  and  worked  into 
iron  of  all  standard  merchant  sizes  of  bar  and  plate.  The  round  iron 
runs  from  inch  diameter  to  8 or  9 inches. 

391.  The  cost  of  the  furnaces,  of  medium  height,  say  from  75  to  78 
feet,  is  not  far  from  £16,000,  including  all  the  accessories  of  hot-blast 
apparatus,  hoists,  and  kilns. 

The  ore  used  is  a lean  argillaceous  oxide,  which  is  found  in  the  green 
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lias  of  tbe  Yorkshire  range  of  hills.  It  is  roasted  at  the  furnaces,  where 
it  is  dropped  from  the  cars  directly  into  the  kilns,  which  are  usually 
continuous  in  their  operation.  The  fuel  used  in  these  kilns  is  frequently 
fine  coal  and  breeze,’"  and  the  amount  consumed  in  good  work  aver- 
ages about  a hundred  pounds  to  the  ton  of  ore.  In  calcination,  the  ore 
loses  25  per  cent,  of  its  weight,  and  then  contains  usually  not  much  above 
40  per  cent,  metallic  iron.  The  composition  of  ore  and  of  iron  is  as 
follows : 

ORES. 


Protoxide  of  iron 

Sesquioxide  of  iron 

Protoxide  of  manganese. 

Alumina 

Lime 

Magnesia 

Potash 

Silica 

Carbonic  acid 

Phosphoric  acid 

Sulphuric  acid 

Bisulphide  of  iron 

Water 

Organic  matter 

Ignited  insoluble  residue 


Metallic  iron 
Authority. .. 


Carbon,  (graphitic) 

Silicon 

Sulphur 

Phosphorus 

Manganese 

Nickel  ) 

Cobalt  5 

Authority 


IRONS, 


30.92 

43. 02 

3.60 

2. 86 

0.95 

0.40 

7.86 

5.87 

7.44 

5. 14 

3.82 

5.21 

6.27 

• • • • 

7. 12 

7. 12 

22. 85 

25.50 

1.86 

1.81 

Trace 

• • • • 

O.ll 

• • • • 

2. 97 

3. 48 

Trace 

0.15 

1.64 

0.05 

100.41  100.61 


33. 62 

35.  46 

A.  B.  Dick.  A.  B.  Dick. 

3. 04 

3. 35 

2. 73 

1.57 

0. 04 

0. 04 

1.30 

1.38 

0.38 

0. 07 

» • • • 

Percy.  Percy. 


The  fuel  used  in  these  furnaces  is  Durham  coke.  It  is  very  remark- 
able for  its  strength  and  hardness,  which  enable  it  to  carry  the  burden 
of  the  highest  of  these  immense  furnaces.  It  contains  from  92  to  95 
per  cent,  carbon  and  1 per  cent,  or  more  of  sulphur.  This  impurity  and 
the  rather  heavy  proportion  of  sulphur  and  phosphorus  in  the  ore  unfit 
the  iron  produced  for  use  where  either  steel  is  to  be  made  or  great 
strength  demanded.  The  attempt  has  been  made  at  Middlesborough  to 
make  steel,  but  unsuccessfully.  The  coke  is  made  at  the  coal-mines  to 
avoid  increased  expense  of  transportation.  The  process  requires  from 
two  and  a half  to  three  days,  and  the  product  equals  frequently  about 
two-thirds  the  weight  of  coal  charged  into  the  ovens. 

The  limestone  used  as  a flux  is  also  obtained  largely  from  the  Durham 
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district.  It  varies  greatly  in  composition,  the  best  containing  95  per 
cent,  and  upward  of  carbonate  of  lime,  and  the  poorer  containing  less 
than  90  per  cent.,  with  a serious  admixture. of  magnesia. 

The  common  proportions  of  the  charge  are  about  8 cwt.  of  ore,  2 J cwt.  of 
limestone,  and  3 cwt.  of  coke.  The  cinder  produced  is  usually  of  a light 
greenish-gray  color,  strong,  somewhat  porous,  and  quite  free  from  iron. 
An  analysis  given  the  writer  at  his  previous  visit  gave  33  per  cent,  silica ; 
23  or  25  per  cent,  alumina;  30  to  35  per  cent,  lime;  2 percent,  or  less 
sulphur;  J per  cent,  oxide  of  iron,  and  the  remainder  consisted  princi- 
pally of  magnesia. 

392.  The  form  of  blowing-engine  in  general  use  is  quite  similar  to  that 
so  frequently  adopted  in  the  United  States.  It  has  vertical  cylinders, 
the  steam  and  blowing  cylinders  in  the  same  line  and  their  pistons  at- 
tached to  the  same  rod.  Those  at  Ferry  Hill  are  of  10  J feet  stroke,  and 
the  steam  and  blowing  cylinders  are  respectively  67  and  130  inches  in 
diameter.  In  some  cases  a peculiarity  of  general  design  or  of  valve- 
gear  may  be  seen,  but  the  usual  practice  and  the  best  examples  are  not 
noticeably  different  from  those  of  engineers  in  the  United  States. 

393.  The  expense  of  making  iron  is  less  in  the  Cleveland  district,  not- 
withstanding the  leanness  of  the  ores,  than  in  any  other  part  of  Great 
Britain  or  possibly  of  the  world.  Tlie  ore,  as  mined,  contains,  as  a max- 
imum, in  selected  specimens,  but  45  per  cent,  of  oxide,  or  about  30  per 
cent,  metallic  iron  ; the  flux  is  usually  somewhat  refractory  and  is  not 
exceptionally  rich  in  lime.  On  the  other  hand  the  one  great  advantage 
possessed  by  iron-makers  here  is  the  very  excellent  character  of  a fuel 
which  enables  them  to  adopt  the  maximum  size  of  furnace  and  temper- 
ature of  blast  which  may  be,  on  the  whole,  used  with  advantage.  It  is 
to  these  peculiarities,  and  to  the  boldness,  skill,  and  experience  of  their 
blast-furnace  engineers  and  managers,  that  their  success  is  due. 

The  growth  in  size  of  furnaces  may  be  seen  by  the  following  outline: 

The  first  furnace  built  here,  in  1851,  by  Messrs  Bolckow  & Vaughn, 
was  but  42  feet  high  and  of  4,500  cubic  feet  capacity. 

The  Clarence  works,  in  1853,  built  furnaces  48  feet  high,  and  the 
largest,  fifteen  years  ago,  was  but  58  feet  hiffh,  and  of  7,000  cubic  feet 
capacity.  Whitwell  & Co.  built  a furnace,  in  1861, 60  feet  high ; Bolckow 
& Vaughn,  in  1862,  constructed  one  75  feet  high  and  of  12,000  cubic 
feet  contents,  and  Vaughn  soon  after  ran  up  a furnace  to  a height  of  78 
feet;  and  the  firm,  in  1868,  built  a pair  of  furnaces  of  96  feet  height, 
and  of  a capacity,  the  one  of  26,000  the  other  of  29,000  cubic  feet.  Mr. 
Cochrane  subsequently  built  the  Ormesby  furnace  of  41,000  cubic  feet, 
and  the  Ferry  Hill  furnace  of  103  feet  height  and  33,000  cubic  feet 
capacity.  No  important  increase  of  economy  occurred  with  these  larger 
sizes,  although  an  increased  yield  is  observable.  In  other  districts 
furnaces  which  had  been  given  great  height,  in  imitation  of  the  Cleve- 
land furnaces,  have  been  reduced  to  55  and  60  feet  height,  as  it  was 
found  that  their  contents  could  not  sustain  so  great  a burden. 
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At  Cleveland  the  capacity  now  amounts  to  from  300  to  400  cubic  feet 
per  ton  of  yield  per  day.  The  conclusion  of  the  most  experienced  iron- 
masters whom  we  met  confirmed  our  own  conclusion,  that,  although 
there  is  a certain  height  and  proportional  diameter  of  furnace  which 
will  be  the  practical  limit  as  determined  in  each  case  by  the  character 
of  the  materials  used,  that  limit  is  rarely  approached  until  after  an 
economical  limit  is  reached,  beyond  which  it  does  not  pay  to  enlarge 
them. 

Similarly,  the  benefit  of  increased  temperature  of  blast  reaches  a 
working-limit  within  the  temperature  at  which  practical  difliculties  arise 
in  elevating  it.  lYhen  all  the  escaping  gases  are  thoroughly  utilized  in 
the  hot-blast  stoves  and  under  the  steam-boilers,  a furnace  will  usually 
be  found  to  work  with  satisfactory  economy  and  without  serious  diffi- 
culty in  keeping  up,  provided  it  has  originally  been  well  designed  for 
its  work  and  properly  fitted  up. 

Cleveland  metal  sells  in  the  markets  at  a price  which  ranges  from  15 
to  20  per  cent,  below  the  price  of  Scotch  and  Newcastle  irons,  but  the 
profits  to  the  iron-masters  have  always  been  satisfactory. 

394.  Lancashire. — This  coal-district  contains  a large  number  of  col- 
lieries, of  which  no  small  proportion  are  worked  out,  and  it  is  here  that 
we  are  brought  most  strikingly  into  view  of  the  possibility  of  a not 
distant  time  when  Great  Britain  shall  have  exhausted  her  coal-fields, 
and  with  their  loss  have  become  a merely  agricultural  country.  The 
depth  to  which  these  shafts  are  already  sunk,  even  where  the  mines  are 
still  capable  of  yielding  a large  supply,  is  becoming  a serious  matter, 
both  as  affecting  the  cost  of  raising  the  fuel  and  of  keeping  the  mines 
free  from  water,  and  as  affecting  the  value  of  a day’s  work  at  depths  at 
which  the  subterranean  heat  is  sufficient  to  debilitate  the  workman  and 
at  which  thorough  ventilation  becomes  a matter  of  difficulty.  The  intro- 
duction of  the  pneumatic  rock-drill  may  aid  in  this  matter  in  a very  im- 
portant degree.  By  doing  the  work  of  several  men,  this  machine  per- 
mits the  atmosphere  of  the  mine  to  be  kept  wholesome  with  a less  sup- 
ply of  air  ; its  exhaust  of  pure  air  at  every  stroke  at  the  very  extremity 
of  the  working  insures  a certainty  of  a complete  renewal  of  air,  which 
cannot  be  attained  by  any  other  method;  its  exhaust  of  pure  air  is  also 
rendered  intensely  cold  by  its  great  expansion,  and  it  may  be  found,  possi- 
bly, that  mines  may  be  worked  at  vastly  greater  depths  than  have  pre- 
viously been  thought  inhabitable.  The  great  power  of  penetration — 
amounting  to  over  50  feet  in  ten  hours,  in  some  cases,  in  the  hardest 
granite* — is  evidently  not  the  only  recommendation  of  the  rock-drill. ' 
These  tools  are  used  to  some  extent  in  England,  but  less  than  in  the 
United  States.  The  earlier  forms  introduced  in  this  country,  as  the 
Burleigh  and  the  Ingersoll,  are  successfully  introduced  into  the  market, 

" The  rock-drill  of  Professor  DeVolsou  Wood  has  accomplished  this  on  several  oc- 
casions, and  has  drilled  66  feet  in  limestone  and  90  feet  in  magnetic  iron-ore  at  Miue- 
ville,  N.  Y. 
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and  tbe  remarkably  effective  drill  more  recently  introduced  by  Professor 
De  Volson  Wood,  of  the  Stevens  Institute  of  Technology,  has  now  been 
patented  in  Europe,  and  its  beautiful  combination  of  theoretical  with 
practical  excellences,  its  strength  and  durability,  ought  to  bring  it 
rapidly  into  use. 

Remarkssimilar  to  theaboveapply  to  the  great  coal-fields  of  South  Staf- 
fordshire. The  immense  “ ten-yard  seam”  is  one  of  the  interesting  features 
of  the  district.  It  is  usually  worked  by  the  ‘^pillar  and  stall  ” method;  but, 
when  of  exceptional  depth,  it  is  worked  in  two  parts,  called  the  top  and 
the  bottom  workings.  The  pillars  are  usually  about  25  or  30  feet  square; 
the  stalls  are  150  feet  square,  the  roof  supported  by  four  pillars,  and  the 
chamber  separated  by  a wall  20  or  30  feet  thick  from  the  adjacent  stalls. 
But  little  trouble  is  experienced  from  either  fire  or  choke  damp.  Deaths 
occur  from  this  cause  in  the  proportion  of  about  one  man  to  850,000 
tons  of  coal  raised.  Near  West  Bromwich,  this  seam  has  been  worked 
at  a depth  of  1,200  feet.  In  some  parts  of  the  field  the  receipts  from  sales 
have  amounted  to  £20,000  per  acre.  Coal  from  this  seam  was  used  by 
Dud  Dudley  in  1G20,  and  has  always  been  in  demand  for  manufactur- 
ing purposes.  All  of  the  South  Staffordshire  coals  are  of  fine  quality. 
The  district  also  yields  an  argillaceous  iron-ore,  containing  40  or  50  per 
cent,  of  metal,  from  which  is  taken  about  1,000,000  tons  per  year. 

About  5,000-horse  power  is  required  to  drain  the  mines,  raising  daily 
220,000  tons  at  an  annual  cost  of  £125,000,  amounting  to  about  3^d. 
per  ton  of  coal. 

There  are  about  550  collieries  at  work,  raising.  10,000,000  tons  of  coal, 
of  which  9,000,000  goes  into  market.  The  district  produces  855,000  tons 
of  finished  iron  per  year. 

This  is  the  oldest  manufficturing  district  of  Great  Britain.  The  Ro- 
mans worked  the  mines  aud  made  iron  in  the  county,  and  it  was  here 
that  Dud  Dudley,  the  pioneer  of  modern  iron-makers,  did  his  work.  In 
1788,  there  were  no  furnaces  here  melting  iron  with  charcoal,  but  there 
were  nine  using  mineral  coal.  In  1806,  there  were  222  blast-furnaces  in 
Great  Britain,  of  which  162  were  in  blast,  and  42  were  in  this  district. 
There  are  now  about  175  here.  The  larger  make  250  tous  of  iron  per 
week  ; the  average  size  yields  about  150  tons  per  week. 

At  Stourbridge,  in  Staffordshire,  is  raised  the  celebrated  Stourbridge 
fire-clay.  It  has  the  following  composition  : 


Silica. 

Alumina. 

Prot.iron. 

Lime. 

Magnesia. 

Potash. 

Sample  1 

59. 87 

33.  49 

.3.01 

1.  42 

0,31 

2.21 

Sample  2 

67.  69 

27.  91 

2.  35 

0.  63 

0. 11 

Sample  3 

70.  3-2 

26.  42 

1.04 

0.  36 

0.  43 

1. 40 

It  makes  excellent  fire-bricks  and  crucibles,  burns  perfectly  white,  and 
makes  a fine  glass-house  clay. 

Stone,  porcelain,  aud  glass  ware  form  an  important  class  of  Stafford- 
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shire  maniifactares.  The  potters  consurae  nearly  200,000  tons  of  clay 
per  year,  and  export  wares  of  the  value  of  £1,000,000.  The  Messrs. 
Chance,  of  Birmingham,  make  a large  proportion  of  the  finest  optical 
glass  in  the  world.  They  have  supplied  glass  for  all  of  our  very  large 
telescopes. 

The  whole  district  is  alive  with  industry.  The  manufactures  are  of 
immense  extent  and  variety.  Birmingham  is  devoted  to  the  manufac- 
ture of  small  articles  chiefly,  but  their  variety  and  importance  make 
this  one  of  the  most  interesting  sections  ot  the  country  to  every 
stranger  who  is  at  all  interested  in  such  matters. 

395.  James  Watt  & Co.’s  Soho  Works.— At  Soho,  near  Birming- 
ham, James  Watt,  with  his  partner,  Matthew  Boulton,  started  the  first 
steam-engine  manufactory  which  ever  existed.  Watt,  the  mathe- 
matical-instrument maker,  driven  within  the  walls  of  the  University  by 
the  trades-unions,  who  wished  to  prevent  his  practicing  his  trade,  ini- 
proved  the  Newcomen  engine  and  made  it  the  means  of  reclaiming  the 
drowned-out  coal-pits  and  iron-mines;  but  he  could  have  accomplished 
little  without  the  aid  of  Boulton,  the  Birmingham  maker  of  toys. 

The  firm  of  James  Watt  & Co.  and  the  Soho  Works  still  exist, 
although  the  great  founders  have  long  since  passed  away. 

The  Soho  foiindery  was  completed  and  business  was  commenced 
within  its  buildings  in  1796.  Boulton  was  an  active,  enterprising, 
intelligent  man,  of  great  boldness  and  remarkable  business  capacity. 
He  furnished  the  capital  with  which  Watt  developed  his  inventions. 
He  was,  however,  a good  mechanic  also,  and  devoted  himself  to  those 
departments  of  minor  manufacture  which  brought  wealth  to  Soho 
before  the  steam-engine  in  Watt’s  hands  had  begun  to  pay.  He  turfied 
his  attention  to  the  production  of  mint-machiuer}^,  and  Soho  has  fur- 
nished a large  proportion  of  the  mint-presses  in  use  in  Europe.  A 
large  amount  of  coin  was  minted  at  the  foundery,  and  the  firm  still  have 
their  private  mint,  at  which  are  made  the  coins  of  some  of  those 
nations,  as  Siam,  which  are  not  yet  so  far  advanced  as  to  have  mints  of 
their  own.  Watt’s  copying-machine  was  perfected  at  Soho,  and  a pro- 
cess of  reproducing  oil-painting,  possibly  a modification  of  the  modern 
lithographic  method,  was  commenced  and  worked,  apparently  with 
success,  but  was  subsequently  suppressed  at  the  desire  of  Sir  W. 
Beech  ey. 

William  Murdock,  Watt’s  foreman  and  most  efficient  assistant,  intro- 
duced the  use  of  gas  for  illumination  in  1802. 

From  1797  to  1805  the  coinage  of  copper  at  Soho  amounted  to  4,000 
tons,  valued  at  £800,000,  for  the  British  government  alone,  and  immense 
quantities  were  struck  off  for  the  East  India  Company  and  for  foreign  na- 
tions. The  amount  coined  from  1860  to  1866  is  stated  as  about  3,500  tons, 
making  over  600,000,000  pieces  of  coin.  This  early  mint  was  pulled  down 
in  1857,  and  in  I860  James  Watt  & Co.  built  the  new  mint,  which  is 
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now  at  work.  There  have  been  sent  out  to  other  mints  more  than  a 
hundred  coining-presses. 

The  works  cover  ten  acres  of  ground  and  have  produced  some  2,000 
'Steam-engiues,  having  a power  of  probably  300,000  horses.  The  great 
screw-engines  of  the  Great  Eastern,  with  steam-cylinders  84  inches  in 
diameter  and  4-feet  stroke  of  piston,  were  built  by  Watt  & Co.  They 
are  of  above  6,000  horse  power. 

Visiting  those  works,  so  interesting  from  these  historical  associations, 
they  were  found  to  be  rather  pleasantly  situated,  and  better  planned 
than  are  the  larger  number  of  old  British  establishments  of  a similar 
character.  The  superintendent,  Mr.  Reed,  was  very  courteous  and  at- 
tentive to  his  visitors,  and  kindly  showed  us  every  portion  of  the  works. 
There  were  employed  at  the  time  of  this  visit  about  800  workmen.  The 
tools  were  usually  old  j some  were  built  in  the  time  of  the  great  in- 
ventor, from  Watt’s  own  designs.  He  seemed  to  have  been  remarkably 
fond  of  worm-gearing;  it  was  used  on  nearly  all  the  boring-machines, 
both  horizontal  and  vertical,  and,  on  some  large  lathes,  mortice- gearing 
was  verj’'  generally  used. 

A large  pair  of  compound  marine-engines  in  the  Isapier  style  were  in 
process  of  construction.  Their  surface-condensers  were  given  a refrig- 
erating area  of  about  2.J  square  feet  per  horse-power.  Four  large  pump- 
ing-engines for  the  city  of  Buenos  Ayres  were  the  most  novel  of  all 
the  engines  building.  They  were  compound,  and  all  steam-jacketed. 
The  steam-jackets  were  formed  by  inserting  a plain  cylindrical  casting, 
or  bushing,  within  the  main  casting  of  the  steam-cylinder,  as  is  so  usu- 
ally done  by  British  builders  of  marine-engines.  A set  of  pumps  for 
London  sewage  was  an  interesting  design.  The  mint-machinery  made 
here  is  of  excellent  proportions  and  of  beautiful  finish.  The  mint,  which, 
as  already  stated,  forms  a part  of  this  establishment,  strikes  100  coins 
per  minute. 

In  the  boiler-shop  several  Martin  boilers,”  similar  to  those  so  exten- 
sively used  in  our  own  Navy  during  the  late  war,  were  in  course  of  con- 
struction for  the  British  admiralty.  Riv^eting  was  done  both  by  steam  and 
by  hand.  Hand-riveting  was  sometimes  practiced  in  heading  up  snap- 
headed rivets.  The  boiler- work  was  usually  well  done.  The  snap-head 
is  much  oftener  used  in  Europe  than  in  the  United  States.  It  is  some- 
what more  troublesome  to  make  by  hand  than  the  conical  head,  but  it 
is  stronger. 

James  Watt  & Go.  make  their  own  files,  not  so  much  with  the 
intention  of  saving  expense  as  to  secure  precisely  the  qualitj^  which  they 
desire.  They  also  forge  their  own  bolts  and  nuts.  We  saw  nowhere  in 
Europe  machines  designed  for  this  kind  of  work  which  appeared  as 
effective  as  those  of  Abbe,  and  of  one  or  two  other  American  inventors. 

Eii  route  between  Yorkshire  and  the  Midland  district  we  passed 
through  that  section  of  the  country  which  has  always  been  well 
known  to  engineers  and  manufacturers  in  the  United  States  as 
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the  seat  of  manufacture  of  Lovr  Moor,  Bowling,  and  other  brands  of 
the  best  Yorkshire  iron.*  At  Bowling,  the  refuse  material  from  the 
mines  has  accumulated  until  it  has  formed  a mountain  of  no  small  size. 

The  Leeds  Mercury  gives  au  account  of  these  works,  from  which  we 
learn  the  following  facts : 

The  Bowling  Iron-Works  were  originated  so  far  back  as  the  year  1780,  although  tlie  ac- 
tual smelting  of  ores  did  not  commence  thereuntil  1783.  The  works  owed  their  origin  to 
Mr.  John  Sturges,  of  Sandal,  near  Wakefield,  who  saw  that  the  minerals  in  the  vicinity  of 
the  works  were  of  the  proper  character  for  the  manufacture  of  first-class  iron.  Subse- 
quent events  have  amply  justified  the  choice  of  the  site.  In  point  of  antiquity,  how- 
ever, Bowling  has  to  yield  to  the  works  of  Kirkstall  Forge,  which  claims  not  only  to  be 
the  first  establishment  that  used  the  rolls  for  slitting  iron  into  nail-rods,  but  claims  also 
to  have  carried  on  that  process  at  so  remote  a period  as  1-594.  Until  the  Bowling  Works 
were  started,  however,  the  special  iron  for  which  Yorkshire  is  now  celebrated  was 
unknown.  The  first  fnrnace  at  Bowling  was  blown  in  1788,  and  is  still  in  being,  with 
• the  initials  “S.  S.  & Co.”  inscribed  upon  its  front.  This  furnace  is  strong  even  now  in 
its  old  age,  having  the  appearance  of  a fortification  that  has  sntfored  a violent  attack 
from  the  enemy,  but  has  strength  enough  remaining  to  resist  a further  onslaught. 

The  extent  of  the  Bowling  Company’s  estate  is  exceedingly  large.  Its  collieries  extend 
five  or  six  miles  in  various  directions.  ' In  all,  the  company  has  42  pits,  worked  by  over 
60  steam-eugiues,  which  engines  are  supplied  with  steam  by  81  steam-boilers,  of  from 
10  to  50  horse-power  each.  There  are  tram-ways  from  all  the  pits  direct  into  the  iron- 
works, the  entrance  for  the  whole  of  the  tram- ways  being  on  the  higher  ground  toward 
Dudley  Hill.  The  tram-ways  cover  a total  distance  of  *21  miles,  and  are  worked  by 
means  of  wire-roi)es.  With  the  exception  of  the  limestone,  which  is  procured  from 
the  neighborhood  of  Skipton,  nearly  all  the  mineral  used  in  the  manufacture  of  iron 
at  the  Bowling  Works  is  obtained  from  their  own  mines,  and,  of  course,  none  of  this 
mineral  is  permitted  to  go  elsewhere  than  to  the  fouudery. 

Referring  to  the  quality  of  this  valuable  mineral,  the  late  Mr.  Wilcock  siiid : “The 
substratum  around  Bowling  is  part  of  the  most  exteiisiv'e  and  valuable  coal-field  in 
England,  stretching  from  Derby  or  Nottingham  to  this  district,  a distance  of  60  miles, 
and  ransriug  about  eight  miles  broad.”  The  seam  of  coal  called  the  “ better  bed”  is  one 
of  the  valuable  elements  necessary  for  the  production  of  the  best  quality  of  iron.  Tho 
stone  wears  a dark-brown  appearance,  and  yields  about  3*2  per  cent,  of  iron.  Both 
coals  are  caking  coals,  and  moderately  hard.  This  is  the  same  bed  of  minerals  that  the  Low 
Moor  and  Farnley  Iron  Companies  have  at  command,  their  several  mineral  rightsextend- 
ing to  points  at  which  they  meet.  This  is  the  bed  that  all  the  best  Yorkshire  brands  are 
made  from — brands  which  cotnmand  far  higher  prices  in  the  market  than  the  general 
makes  of  iron.  A Bowling  boiler-plate  will  fetch  from  £*27  to  £44  per  ton,  according  to 
the  weight,  2^-  cwt.  plates  being  the  minimum,  and  7 cwt.  and  upward  being  the  max- 
imum price ; while  good  Staffordshire  plates  can  be  got  for  about  £14  or  £15  per  ton. 
This  is  sufficient  to  show  the  great  difference  that  there  must  be  between  the  Yorkshire 
iron  and  the  ordinary  iron. 

In  its  general  features  Bowling  Fouudery  is  much  like  other  iron-founderies.  Here 
and  there  are  to  be  seen  improvements  which  are  in  advance  of  what  is  to  be  seen  at 
other  iron- works,  but,  on  the  other  hand,  it  is  evident  that  in  some  things  the  Bowling 
Company  have  been  reluctant  to  make  clianges.  Within  the  last  four  or  fiv*e  years, 
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however,  many  very  extensive  alterations  have  been  effected,  and  improvements  are  at 
the  present  time  in  rapid  progress. 

There  are  three  entrances  to  the  foiiudery,  the  principal  one  being  in  Bowling,  Buck 
Lane.  Near  the  entrance  gate-way  stands  a grim,  residential-looking  building,  which 
has  been  used  as  offices  in  recent  years.  On  the  upper  ground  are  received  the  min- 
erals as  they  come  fresh  from  the  earth.  This  is  the  starting-point  of  the  fouiidery. 
Here  the  various  elements  necessary  to  the  making  of  iron  are  brought  together  and 
laid  in  heaps.  Numerous  trains  of  coal  and  iroii-stoiie  stand  about  on  the  rails,  ready 
for  being  cast  into  one  or  other  of  the  various  fires  that  are  burning  and  smoldering 
everywhere.  There  are  long  lines  of  cinder  ovens  and  heaps,  where  the  coal  is  being 
converted  into  coke.  There  are  14  iron-stone  kilns,  where  the  iron-ore  is  roasted.  The 
ore  is  thrown  into  the  kilns  along  with  an  admixture  of  black  bed  “ breeze.”  It 
crumbles  away  until  it  reaches  the  bottom  of  the  kiln,  when  it  is  carted  away  to  the 
furnaces.  After  the  iron-stone  has  gone  through  the  kiln,  the  coal  through  the  ovens, 
and  the  limestone  has  been  broken  into  manageable  pieces,  they  are  put  iuto  capacious 
iron  wagons.  There  are  six  cold-blast  furnaces  at  Bowling,  five  refining-furnaces,  21 
puddling-furnaces,  and  40  heating-furnaces.  Tlie  amount  of  iron  made  per  week  is 
about  3G0  tons.  The  largest  of  the  blast-furnaces  is  a recent  addition  to  the  works, 
and  is  on  an  improved  principle.  It  is  made  of  iron,  and  is  of  a circular  form.  The 
other  blast-furnaces  are  of  the  ancient  kind.  The  height'of  the  now  furnace  is  55  feet 
from  the  hearth  to  the  filling  floor,  it  being  13  feet  higher  than  the  old  ones.  There  is 
no  great  gaping  orifice  exhibited  here,  as  in  the  other  furnaces,  all  the  heat  and  gas 
being  utilized.  The  minerals  are  raised  to  the  top  of  the  furnace  by  means  of  a lift. 
The  toj)  is  closed  in  with  a circular,  cone-like  iron  covering,  which  is  lifted  by  a hy- 
draulic lever,  and  when  the  cavity  round  the  edge  of  the  cone  has  been  filled  with  the 
due  proportions  of  coke,  iron-ore,  and  limestone,  the  lever  is  lifted,  and  downthe  whole 
mass  descends  into  the  furnace.  The  gas  that  is  carried  off  from  this  furnace  is  con- 
veyed to  the  boiler-house  adjoiniug,  and  serves  to  feed  three  boilers  and  a half— i.  e., 
seven  fires.  This  furnace  is  certainly  one  of  the  most  interesting  objects  to  be  seen  at 
the  Bowling  Iron  Works. 

There  are  thirteen  steam-haramers  at  the  Bowling  Iron  Works,  some  of  them  of  a 
very  heavy,  ponderous  kind.  It  is  the  custom  to  give  a premium  to  the  puddlers  who 
produce  the  best  specimens  during  a turn. 

The  new  plate-mill,  built  in  1873,  is  a very  noticeable  place.  It  is  worked  by 
a pair  of  reversing  engines,  on  the  locomotive  principle,  by  which  the  nepessity  of  heav- 
ing the  plate  over  the  top  roll  of  the  rolling-machine  is  obvdated.  It  is  stated  that  m 
this  plate-mill  wider  plates  can  be  rolled  than  at  any  other  works  in  England. 

In  making  what  are  know'n  as  the  Bowling  iron  weldless  tires,  stampings  ” only  are 
used.  First,  the  “ bloom  ” is  taken,  and  a hole  about  five  inches  in  diameter  is  made  in 
the  center.  When  this  has  been  done,  the  ring  of  iron  that  has  thus  been  formed  is  fast- 
ened to  the  back  of  an  anvil,  where  a flange  is  raised  by  hammering  it,  care  being  taken 
by  constant  rotation  to  get  all  the  parts  evenly  worked.  The  ring  then  assumes  some- 
thing of  the  shape  of  a ];)roper  tire,  and  is  finally’’  perfected  by  being  submitted  to  a 
rolling  process. 

The  steel-works  were  commenced  in  1866.  Siemens’s  gas  process  for  melting  crucible- 
steel  is  in  operation. 

Boiler-making  has  always  been  a great  feature  of  the  Bowling  Iron  Works,  and  a 
large  new  boiler-shop  has  been  lately  erected,  which  is  capable  of  turning  out  from 
two  to  three  boilers  per  week.  All  these  shops  are  fitted  up  with  movable  cranes 
that  adapt  themselves  to  any  piece  of  iron  or  any  elevation. 

In  the  making  of  wmldless  hoops  ^or  boilers  there  are  a great  number  of  workmen 
employed. 

The  model-shop  is  one  of  the  finest  shops  of  its  kind  to  be  found.  It  is  a large  briuk 
building,  two  stories  in  height,  and  many  thousands  of  models  are  kept.  They  are  a 
catalogued,  so  that  any  model  that  is  wanted  can  be  found  immediately.  Among 
wheels  of  all  sorts  and  sizes,  giants  and  liliputians,  is  to  be  found  the  original  mode 
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from  which  the  first  wheel  for  Blenkinsop’s  locomotive  was  cast.  This  has  a label  at- 
tached to  it,  informing  visitors  what  a very  distinguished  model  it  is. 

There  are  altogether  between  2,000  and  3,000  work-people  employed  in  the  foundery 
and  collieries  of  the  Bowling  Iron  Company.  The  total  horse-power  of  the  engines 
employed  about  the  iron- works  is  about  900,  and  in  providing  steam  for  these  engines 
there  are  38  boilers. 


At  Low  Moor,  the  works  seemed  still  more  uumeroiis,  ami  the  pile  of 
refuse  was  even  larger.  These  works  have  beea  celebrated  for  many 
years  for  the  excellent  quality  of  their  boiler-plate  and  other  wrouglit- 
iron  products.  Visiting  Low  Moor,  we  found  in  blast  six  blast-furnaces 
of  about  40  feet  height,  workiug  a native  clay  iron-ore,  with  coke  as  fuel 
and  a cold  blast.  There  are  employed  in  the  mines  and  mills  about 
five  thousand  people,  who  produce  500  tous  of  finished  iron  per  day. 
The  pay-roll  amounts  to  about  £0,000  per  week. 

All  pig  worked  in  the  mills  is  refined  by  melting  down  in  open  fur- 
naces, using  coke  as  fuel,  and  ruuniug  out  into  fiat  cakes,  whicli  are 
broken  up  for  the  puddling-furnaces.  There  are  six  of  tliese  refining- 
furnaces  and  thirty-five  pnddliug-furuaces.  All  iron  goes  from  the  pud- 
dling-furnace to  the  hammers,  of  which  there  are  twenty,  of  several  sizes 
and  of  various  kinds.  One  steam-hammer  will  work  the  puddle-balls  of 
seven  furnaces.  The  manager  states  that  the  old  st^deoflielve  hammer 
is  generally  preferred  for  this  work.  It  gives  invariably  the  heavy  blow 
required  to  force  the  cinder  out  of  the  sponge,  ami  the  hammer-mau  can- 
not modify  the  blow  to  keep  a defective  ball  in  shape.  The  billets  made 
are  piled  aud  agaiu  hammered  before  rolling. 

Each  furnace  usually  works  olf  nine  heats  per  day,  aud  ten  have  been 
made.  The  heaviest  hammer  weighs  12  tons. 

The  plate-rolls  are  rev^ersed  by  a clutch,  which  is  used  whenever  the 
weight  handled  exceeds  about  800  pounds. 

Nearly  all  furnaces  in  this  neighborhood  are  open-topped  and  are 
worked  with  cold  blast.  At  night  the  whole  country  seems  lighted  up 
by  (he  flames  from  them  aud  from  the  numerous  coke-ovens  scattered 
thickly  in  all  directions. 

396.  Scotch  iron  making  and  working. — There  is  little  that  need 
be  said  of  Scotch  methods  of  iron-making.  We  found  nothing  Tiovel  in 
Scotch  practice,  citlier  in  the  building  or  the  working  of  furnaces.  They 
are  never  of  large  size,  are  usually  opeii-topped,  and,  when  hot  blast  is 
used,  it  rarely  exceeds  a temperature  of  700^  or  80(P  Fahrenheit.  The 
fuel  used  is  raw  coal,  aud  its  friability  limits  the  Ueiglit  of  furnaces 
usually  to  less  than  GO  feet.  The  whole  district  contains  something  less 
than  a hundred  aud  fifty  furnaces,  and  the  production  is  estimated  at 
about  1,500,000  tous  annually,  the  average  i>roduct  being  about  200 
tons  per  week  per  furnace,  and  rarely  much  exceeding  that  amount. 

Tbe  ore  is  the  remarkable  “ bUickbaud,”  and  contains  LO  per  cent, 
carbon,  as  an  average  for  rich  ores,  aud  the  proportion  sometimes  rises 
to  above  20  per  cent.  The  ore  is  roasted  before  cliargiug  into  the  fur- 
nace, aud  it  is  sometimes  found  that  it  contains  fuel  enough  for  its  calci- 
nation without  the  use  of  additional  fuel.  The  amouiit  of  fuel  used  in 
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the  furnace  is,  however,  very  large,  probably  doable  that  used  per  ton 
of  iron  made  in  the  Cleveland  district,  and  an  additional  expense  is 
incurred  for  cheap  fuel  with  which  to  make  steam  and  to  heat  the  blast 
The  pig-iron  made  is  usually  a dark,  soft,easily-t'usible  foundery-metal* 
The  grades  of  Glengarnock,  Gartsherrie,  Col tuess,  Eglinton,  and  one  or  two 
others  are  well  known  in  the  Eastern  iron-markets  of  the  United  States 
In  the  Western  States  the  phosphoritic  ores  of  Tennessee  and  other  dis- 
tricts are  capable  of  supplying  quite  as  good  metal  for  all  those  purposes 
for  which  a fusible,  free-flowing  iron  is  required. 

The  forge-grades  are  worked  into  a moderately  good  but  rather  cold 
short  iron,  and,  with  the  irons  from  Cleveland,  supply  the  Glasgow  and 
Clyde  markets  with  a considerable  proportion  of  their  ship-plates. 

397.  Glasgow,  and  iron-ship  building.— The  receipt  of  communi- 
cations from  Vienna,  immediately  after  landing  at  Glasgow  en  route  from 
the  United  States,  indicating  a desire  that  we  should  reach  the  former 
city  in  time  to  take  part  in  the  preliminaries  of  jury-work,  hastened  us 
away  from  this  interesting  district  before  we  had  time  to  do  more  than 
take  a rapid  glance  over  the  ground  and  make  a very  brief  examination 
of  the  work  in  progress  in  the  city  and  on  the  banks  of  the  Clyde,  and 
pay  a short  visit  to  the  University  of  Glasgow. 

The  business  of  the  ship  builders  was  not  as  prosperous  as  it  was  found 
at  the  earlier  visit  to  this  place,  in  1871.  We  counted  about  fifty  iron 
vessels,  nearly  all  steamers,  in  the  yards  of  builders  on  the  riv-er  between 
Govan  and  the  city,  and  probably  nearly  an  equal  number  were  in  progress 
in  the  yards  nearer  the  mouth  of  the  river.  All  business  had  received 
a check  which  was  very  seriousl^^  felt,  and  no  new  contracts  were  offered 
or  taken.  The  uncertainty  of  the  direction  of  the  movement  of  prices, 
the  recent  rise  in  cost  of  material,  and  the  embarrassment  caused  by  the 
strikes  which  had  recently  taken  place  here,  had  completely  stopped 
work,  both  here  and  in  the  districts  supplying  coal  and  iron.  The  work 
on  hand  was  nearly  all  on  old  contracts,  and  very  little  new  work  was 
anticipated  until  the  cost  of  both  labor  and  stock  should  be  reduced  to 
a point  which,  would  enable  building  to  be  resumed  with  moderate  profit. 

The  consequences  of  this  state  of  business  were  exceedingly  unfortun- 
ate. The  unemployed  workmen  were  either  lying  idle  at  home,  indulg- 
ing in  dissipation,  to  which  they  had  been  before  unaccustomed,  or  were 
leaving  the  neighborhood.  The  result  is,  as  a matter  of  course,  moral 
depreciation  and  physical  suffering,  as  well  as  loss  of  skill  to  the  work- 
men and  the  loss  to  the  country  of  its  best  talent  and  of  considerable 
wealth. 

The  increase  of  Glasgow  in  wealth  and  population  has  been  very  rapid 
during  the  last  twenty  years,  and  the  population  now  amounts  to  600,000 
people.  The  proximity  of  districts  supplying  coal  and  iron,  her  position 
at  the  head  of  navigation  on  the  Clyde,  and,  above  all,  the  intelligence, 
thrift,  and  energy  of  her  people,  have  been  the  prominent  causes  of  her 
prosperity. 

The  enterprise  and  intelligence  of  the  people  of  Glasgow  have  been 
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well  illastrated  ia  the  manner  in  which  they  have  improved  their 
harbor. 

The  prosperity  of  a city  is  seldom  dependent  npon  local  natural  ad- 
vantages alone;  and  the  proximity  of  the  iron  and  coal  producing  dis- 
tricts of  Scotland,  her  experience  in  manufacturing,  and  the  advantages 
arising  from  the  fact  that  Glasgow  is  the  birthplace  of  modern  British 
marine  engineering,  could  hardly  have  given  that  city  her  present  position 
as  the  second  in  population  and  the  tirst  in  the  realm  in  several  branches 
of  manufacture,  had  not  her  people,  long  ago,  had  suflicient  foresight 
and  energy  to  expend  enormous  sums  in  the  improvement  of  the  water- 
approaches  to  the  city. 

Two  hundred  years  ago  the  port  of  Glasgow  was  on  the  Ayrshire 
coast.  To  day,  ships  drawing  23  feet  of  water  can  reach  the  city- 
wharves. 

Tlie  work  of  maintaining  and  improving  the  ship-channel  below  Glas- 
gow is,  by  act  of  Parliament,  placed  in  the  hands  of  the  Clyde  Trust 
Company,  which  is  controlled  by  Glasgow  capital.  Tliis  company  have 
expended  in  this  work  about  $28,000,000,  and  they  are  still  engaged  in 
this  great  work,  and  are  removing  a million  tons  from  the  channel  an- 
nually. They  are  permitted,  by  a special  act,  to  lay  a limited  tonnage- 
tax  on  all  vessels,  and  their  income  from  this  source  has  risen  from 
$2SG,4S7,  in  1840,  to  $493,346,  iu  1870.  The  registered  tonnage  of  ves- 
sels at  the  port  of  Glasgow  now  exceeds  5,000,000  tons  annual ly. 

398.  Iroi^-ship  building. — This  industry,  although  its  history  dates 
back  many  years,  is  really  but  of  very  recent  general  introduction.  At 
the  beginning  of  the  present  century,  Lord  Duudas  built  an  iron  boat 
for  the  Caledonia  Canal,  and  occasionally  an  iron  vessel  was  budt  in 
succeeding  years.  The  “Great  Britain,”  built  nearly  thirty  years  ago,  was 
tlie  first  large  sea  going  vessel  ever  constructed,  and  the  success  of  that 
venture  probably  determined  the  rapid  iutroduetioii  of  iron  hulls  which 
has  subsequently  taken  place. 

The  advantages  possessed  by  iron  over  wood  are  very  great,  and  the 
disadvantages,  although  iu  some  respects  serious,  are,  nevertheless,  not 
sufficient  to  counterbalance  them.  The  value  of  iron  in  ship  building  is 
now  universally  recognized. 

ll^ood  has  the  advantage,  with  us,  of  being  well  adapted  to  the  re- 
sources of  our  naval  and  private  shipbuilding-yards.  The  coppered  hull 
is  less  liable  to  become  foul  at  sea  and  to  impede  the  vessel.  Minor  re- 
pairs can  be  made  promptly  and  at  little  expense.  For  naval  vessels, 
its  penetration  is  less  liable  to  prove  a source  of  danger  when  shot  strike 
beneath  the  water-line,  and,  aside  from  the  presence  of  water-tight  bulk- 
heads, it  is  perhaps  safer  when  struck  by  a ram  or  by  a torpedo.  It  has  the 
disadvantage  of  being  vastly  less  strong  and  in  being  quite  incapable 
of  giving  that  strength  of  joints  and  at  points  of  contact  of  <listinct 
members  given  by  iron,  and  it  is-  necessary  to  make  the  hull  very  much 
heavier  than  iu  iron.  These  facts  place  an  early  limit  to  the  increase 
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of  size  of  vessels  which  is  so  remarkable  a feature  of  recent  naval  archi- 
tecture. It  decays  very  rapidly,  particularly  if  the  timber  is  unseasoned, 
and  is  exceedingly  treacherous.  It  absorbs  water  after  a time,  and  the 
vessel  becomes  slower  and  of  deeper  draught,  and  loses  cargo-carrying 
capacity  equal  in  amount  to  the  weight  of  water  absorbed. 

In  naval  vessels,  except  in  the  case  of  teak,  it  injures  the  armor-plat- 
ing by  promoting  oxidation,  both  by  the  direct  action  of  the  acids  con- 
tained in  the  sap  and  by  the  galvanic  action  induced  by  the  voltaic 
influence  of  the  copper-sheathing.  When  iron  is  near  or  in  contact 
with  the  sheathing,  it  fouls  even  more  rapidly  than  an  iron  vessel.  Its 
seams  are  liable  to  start  in  a heavy  sea  or  on  striking,  even  though 
without  great  violence,  upon  shoals  or  rocks,  and,  in  bad  weather,  the 
seams  at  the  stern  are  peculiarly  liable  to  become  loosened  by  the  vibra- 
tion of  the  screw  as  it  leaves  the  water  and  is  suddenly  plunged  in  again 
by  the  pitching  of  the  vessel.  In  iron-clads  it  is  impossible  to  caulk 
seams  covered  by  plating,  and  the  defect  of  strength  already  noted  pre- 
vents preservation  by  removal  from  the  water,  either  in  dry-docks  or  in 
slips.  The  liability  to  loss  of  wooden  vessels  by  fire  is  a very  serious 
objection  to  them. 

Iro7i  has  the  advantage  of  being  more  readily  procured, promptly, and 
of  any  specified  quality  for  work  of  any  size  or  kind.  It  may  be  exam- 
ined in  the  structure  with  convenience  and  with  confidence  that  its  con- 
dition may  be  accurately  ascertained.  It  may  be  given  any  form  that 
may  be  desired,  and  without  loss  of  strength.  It  may  be  united  firmly 
by  welding  or  by  riv^eting,  and  th  e strength  of  the  joint  may  be  known 
with  an  approximation  to  correctness.  It  makes  a lighter  as  well  as  a 
vastly  stronger  hull,  is  capable  of  being  put  into  place  with  any  desired 
rapidity,  and  the  vessel,  once  constructed,  has  vastly  more  durability 
than  a wooden  ship.  Ilepairs  are  less  frequently  required  and  can  be 
more  thoroughly  made  than  in  wood.  The  shaking  of  the  screw  or  the 
shock  of  a projectile  is  not  likel^^  to  start  seams  or  to  produce  other  than 
local  injury,  and  even  the  iron  vessel  is  driven  on  shore  it  is  less  certain 
to  go  to  pieces  than  the  wooden  vessel.  The  ‘‘Great  Britain’^  lay  several 
weeks  on  the  coast  of  Ireland,  exposed  to  the  storms  and  waves  of  the 
Atlantic,  and  was  finally  brought  off,  and  is  still  a sea-going  steamer. 
The  convenience  with  which  efficient  water-tight  compartments  may  be 
fitted  is  a very  essential  and  peculiar  advantage  in  iron  shipbuilding. 
Freedom  from  danger  of  loss  by  fire,  convenience  of  cleaning  when  loul, 
and  unlimited  endurance  of  the  greater  portion  of  the  structure  are  im- 
portant advantages. 

The  disadvantages  attending  the  use  of  iron  are  the  rapid  fouling  of 
the  hull,  except  under  peculiarly  favorable  circumstances,  the  cost  of 
docking  and  frequent  repainting,  and,  more  serious  than  all  else,  the  dan- 
ger of  the  loss  of  iron  ships  by  changed  course,  produced  bj"  the  varia- 
tion of  the  compass  from  local  attraction.  They  are  also  peculiarly  lia- 
ble to  injuries  of  kinds  which  are  very  difficult  to  repair  promptly  when 
in  collision  with  other  vessels  or  when  struck  by  shot. 
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An  iron  vessel  may  safely  be  given  nuicb  greater  length  and  much 
finer  lines  than  a wooden  ship,  and  if  laid  up  the  hull  and  machinery 
can  be  preserved  indefinitely  without  serious  injury. 

Formerly  a considerable  amount  of  iron  shipbuilding  was  done  in 
other  parts  of  Great  Britain,  and  the  yards  of  the  Tyne  and  the  Mersey 
still  retain  some  business,  but  the  Clyde  has  acquired  by  far  the  greater 
part  of  the  trade  of  the  country. 

In  1870  about  180  vessels,  having  an  aggregate  registry  of  nearly 
200,000  tons,  were  built  here.  In  the  year  1800,  the  number  built  was 
180  and  the  tonnage  100,000,  almost  all  steamers. 

In  1873  there  were  built  191  vessels,  having  201,500  tons  total  bur- 
den; and  for  1871  and  1872  the  figures  were  190,200  and  221,000  tons, 
respectively.  These  vessels  cost  about  £10  per  ton  as  an  average  price 
for  slow  steamers  to  carry  freight,  and  from  £20  to  £25  per  ton  for  fast 
transatlantic  passenger-ships. 

399.  The  Fairfield  Works,  formerly  Elder  & Co.,  and  earlier,  Kan* 
dolph,  Elder  & Co.,  were  among  the  pioneers  in  the  introduction  of  the 
now  familiar  iron  steamer  with  compound  engines  and  the  peculiarities 
of  engineering  practice  which  distinguish  them. 

Among  the  successful  vessels  built  by  them  nearly  twenty  years  ago 
were  the  steamers  of  the  Pacific  Steamship  Comi)any,  plying  on  the 
western  coast  of  South  America.  They  formerly  built  engines  having 
high  and  low  pressure  cylinders  whose  pistons  were  coupled  to  cranks 
set  opposite  each  other.  They  now  build  the  so-called  “Napier  style,*’ 
in  which  the  cranks  are  placed  at  right  angles,  and  which  are  thus  made 
as  simple  in  form,  as  light,  and  as  cheap  as  the  earlier  style  of  low-pres- 
sure engine  which  they  displaced.  Tiie  firm  have  now  the  largest  estab- 
lishment on  the  Clyde,  and  can  lay  down  fourteen  ships  at  one  time. 
A fine  new  engine-building  establishment  has  recently  been  completed, 
and  has  capacity  sufficient  for  the  employment  of  between  two  anil  three 
thousand  men.  The  building  is  very  large  and  is  well  constructed 
The  light  tools  are  all  placed  on  galleries  which  run  across  the  building 
at  the  lines  of  posts  carrying  the  roof.  Many  of  the  largest  and  most 
successful  transatlantic  steamers  have  been  built  here.  Among  them, 
are  several  vessels  of  the  National  and  the  Anchor  lines. 

The  Italy  is  one  of  the  most  successful  of  the  lormer.  That  vessel 
makes  her  passages  in  from  ten  to  twelve  daj’s,  on  a consumption  ot 
from  500  to  600  tons  of  coal,  and  an  indicated  power  of  about  2,000 


horses.  The  vessel  registers  3,700  tons. 

The  Bolivia,  of  the  Anchor  line,  is  410  feet  in  length,  of  40  feet  beam, 
and  of  4,250  tons  burden.  The  displacement  is  nearly  8,000  tons. 

These  long  ships  are  rapidly  coming  into  favor.  They  carry  their 
cargoes  at  comparatively  small  expense,  make  their  trips  with  regu- 
larity and  at  high  speed,  and  are  found  to  behave  well  in  the  worst  of 
weather.  Such  vessels,  with  machinery  disabled  and  once  in  the  trough 
of  the  sea,  are  less  easily  cared  for  than  shorter  ships,  but  they  ride  well 
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Tvith  tbe  sea  on  tlie  bow,  pitch  and  ‘-'scend”  very  little,  and  seem  to  roll 
very  little,  if  any,  more  than  vessels  of  the  older  proportions.  Where 
not  built  of  good  iron  and  where  the  work  on  the  hull  is  not  well  done 
they  are  very  apt  to  start  the  vertical  seams  amidships  and  to  become 
leaky,  or  even  to  founder,  as  one  or  two  have  actually  done.  When 
this  happens,  however,  it  is  good  evidence  of  bad  material  or  bad  work- 
manship, or  both  ; it  is  the  evidence  of  faults  of  construction  which  are 
inexcusable.  Messrs.  Elder  & Co.  have  always  been  well  known  lor 
good  work.  They  have  employed  as  many  as  6,000  men. 

Nearer  Glasgow,  and  on  the  Govan  side  of  the  river,  is  the  establish- 
ment of  Messrs.  J.  & G.  Thompson.  They  have  built  the  excellent 
steamers  of  the  Cunard  line.  They  can  emidoy  from  2,000  to  2,500 
men.  During  the  late  civil  war,  this  hrm  built  some  of  the  histest  and 
most  successful  of  the  blockade-runners. 

An  older  and  a well-known  firm,  having  its  works  still  farther  up  the 
river,  is  that  of  Messrs.  B.  Napier  & Sons.  The  machine-shops  of  the 
firm  are  in  the  city.  The  ship-yard  is  quite  large  and  is  well  arranged. 
The  firm  has  for  many  years  been  one  of  the  few  firms  intrusted  with 
the  building  of  the  naval  vessels  of  Great  Britain.  Its  founder.  Sir 
Bobert  Napier,  was  one  of  the  earliest  and  greatest  of  the  steam-engine- 
builders  of  Great  Britain.  It  is  here  that  the  Napier  style  of  compound 
engine,  which  is  now  almost  exclusively  adopted,  was  first  built. 

400.  A few  firms  on  the  other  British  estuaries  are  doing  work  which 
should  interest  every  visitor  from  the  United  States.  On  the  Tyne, 
below  Newcastle,  are  the  works  of  the  Messrs.  Palmer  cfi  Jarroic.  It  was 
here  that  some  of  the  latest  and  finest  steamers  of  the  Guion  line  were 
built.  The  Palmer  Shipbuilding  Company  have  a very  large  establish- 
ment. It  includes  several  blast-furnaces,  a large  rolling-mill,  machine- 
shops  and  fouuderies,  and  a ship-yard.  The  number  of  men  employed  in 
busy  times  was  stated  at  6,000.  This  firm  also  have  built  some  naval 
vessels,  among  which  the  most  interesting  are  the  sister-ships  Triumph 
and  Swiftsure.  The  iron  hull  in  these  ships  was  covered  with  a wooden 
sheathing,  over  which  the  copper  sheathing  was  fastened.  This  plan  is 
not  likely  to  be  frequently  adopted,  for  the  reasons  already  given  in  the 
comparison  of  the  relative  advantages  and  disadvantages  of  wood  and 
iron. 

Some  shipbuilding  is  also  done  on  the  Wear,  the  Tees,  and  the 
Mersey. 

At  Birkenhead,  opposite  Liverpool,  are  the  works  of  the  Messrs. 
Laird,  who  are  best  known  to  Americans  as  the  builders  of  the  Ala- 
bama, the  confederate  cruiser  which,  after  a long  career  of  successful 
privateering,  was  finally  sunk,  after  a short  fight,  by  the  United  States 
steamer  Kearsarge.  The  firm  had,  in  former  times,  been  very  prosper- 
ous,  but  its  most  successful  days  are  probably  gone  by. 

401.  The  relative  merits  of  the  compound  engine  and  the  engine  of 
older  type  have  already  been  considered  in  that  portion  of  the  report  on 
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the  Vienna  Exliibitiou  which  treats  of  marine-engines.  A good  marine 
steam-engine  of  the  form  which  was  considered  standard  fifteen  or 
twenty  years  ago,  having  low-pressure  boilers  carrying  steam  at  20  or 
25  pounds  pressure  as  a maximum,  expanding  twice  or  three  times,  and 
having  a jet-condenser,  would  require  about  30  or  35  pounds  of  feed- 
water  per  liorse-power  per  hour;  substituting  surface-condensation  for 
that  produced  by  the  jet  brought  down  the  weight  of  steam  used  to 
from  25  to  30  pounds;  increasing  steam-pressure  to  GO  pounds,  expand- 
ing from  five  to  eight  times,  and  combining  the  special  advantages  of 
the  superheater  and  the  compound-engine  with  surface-condensation, 
has  reduced  the  consumption  of  steam  to  20,  or  even,  in  some  cases,  15 
pounds  of  steam  j)er  horse-power  per  hour.  ]Messrs.  Perkins,  of  Loudon, 
guarantee  to  furnish  engines  capable  of  giving  the  horse-power  with  a con- 
sumption of  but  one  and  a quarter  pounds  of  coal.  Mr.  C.  E.  Plmery,  who 
isoneof  the  most  successful  designers  of  compound  engines  in  the  United 
States,  reports  the  United  States  revenue-steamer  Ilassler  to  have  given 
an  ordinaiy  sea-going  performance  which  is  probably  fully  equal  to 
anything  accomplished  abroad.  The  Ilassler  is  a small  steamer,  of  but 
151  feet  length,  24^  feet  beam,  and  10  feet  draught.  The  engines  have 
steam-cyliiulers  18.1  and  28  inches  diameter,  respectively,  and  of  28 
inches  stroke  of  piston,  indicating  125  horse-power;  with  steam  at  75 
pounds  pressure  and  at  a speed  of  but  7 knots,  the  coal  consumed  was 
but  1.87  pounds  per  horse-power  per  hour.  This  is  the  best  performance 
of  which  we  have  record. 

102.  The  British  navy. — The  International  Exhibition  of  Vienna, 
gave  the  visitor  no  idea  of  the  relative  power  of  European  navies,  and 
it  requires  a visit  to  the  dockyards  of  Great  Britain,  and  to  the  great 
steam-engine-building  establishments  which  furnish  machinery  for  the 
royal  navy,  to  giv'e  a conception  of  the  magnitude,  cost,  and  strength 
of  the  navy  of  this  most  powerful  of  all  maritime  countries.  The  little 
model  of  a naval  engine  exhibited  in  Group  XIII  at  Vienna  gave  as 
little  idea  of  the  character  of  naval  machinery  as  did  all  other  naval 
exhibits  of  other  classes  of  naval  material. 

The  British  navy  now  contains  between  six  hundred  and  seven  hun- 
dred vessels.  All  recently  built  are  iron  steamers,  and  about  forty  of 
them  are  iroii-clads.  The  modern  iron-clad  is  necessarily  an  iron  v'essel  • 
Xo  structure  of  wood,  or  any  material  of  less  strength  than  iron,  could 
be  made  capable  at  once  of  sustaining  the  immense  weight  of  armor 
now  considered  necessary  and  the  tremendous  strain  of  the  8,01)0  horse- 
power or  more  w hich  drives  them  at  such  high  speeds  as  fourteen  or  fif- 
teen knots  an  hour,  or  of  giving  anything  like  this  speed  with  the  weight 
of  machinery  which  could  be  carried.  Of  these  iron-clads  a large  ma- 
jority are  broadside  vessels,  but  the  usual  form,  as  now  built,  is  the 
turret  iroii-clad,  or  monitor  type,  first  introduced  iuto  the  United  States 
Xavy  when  Capt.  Jolin  Ericsson  designed,  and  Mr.  T.  F.  Kowland  built, 
the  Monitor  which  saved  our  fleets  from  destruction  by  the  Merrimac. 
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The  thickness  of  armor  carried  varies  from  4J  inches  in  the  ships  built 
after  the  Crimean  war  to  24  inches  in  the  later  ships,  backed  usually 
with  a considerable  thickness  of  teak.  The  heaviest  plating  on  broad- 
side vessels  is  that  of  the  Hercules  and  the  Sultan,  which  has  a maxi- 
mum over  the  battery  and  at  the  water  line  of  9 inches.  These  vessels 
have  the  heaviest  armament,  although  not  the  heaviest  guns.  They 
carry  eight  18-tou  rifles  of  10-iuch  bore,  two  12-ton  rifles  of  9-iucli  cali- 
ber, and  four  6J-tou  rifles  of  7-inch  bore.  These  are  all  of  the  kiud  made 
at  Woolwich,  and  closely  resemble  the  Armstrong  gun.  Their  structure 
is  somewhat  peculiar,  and  their  lightness  in  hull  and  machinery  is  as 
remarkable  as  their  strength  and  power. 

403.  This  extreme  lightness  in  machinery  has  been  the  result  ot  very 
careful  and  skillful  designing,  of  intelligent  construction,  and  of  care  iu 
the  selection  and  use  of  material.  British  builders  had,  until  after  the 
introduction  of  these  later  types  of  vessels  of  war,  been  distinguished 
rather  by  the  weight  of  their  machinery  than  for  nice  calculation  and 
proportioning  of  parts.  Now  the  engines  of  the  heav^y  iron-clads  are 
models  of  good  proportions,  excellence  iu  materials,  and  of  workman- 
ship which  are  well  worthy  of  study.  The  weight  per  indicated  horse- 
power has  been  reduced  from  400  or  500  pounds  to  less  than  halt  that 
amount  within  the  last  ten  years. 

This  has  been  accomplished  by  forcing  the  boilers— although  thus,  to 
some  extent,  losing  economy — by  higher  steam-pressure,  a very  much 
higher  piston-speed,  reduction  of  friction  ot  parts,  reduction  ot  capacity 
for  coal-stowage,  and  exceedingly  careful  proportioning. 

The  reduction  of  coal-bunker  capacity  is  largely  compensated  by  the 
increase  of  economy  secured  by  superheating,  by  increased  expansion, 
elevation  of  piston-speed,  and  the  introduction  of  surface-condensation. 
A few  vessels  have  been  fitted  with  compound  engines. 

404.  The  improved  structure  of  both  hull  and  machinery  may  be  best 
illustrated  by  an  account,  in  some  detail,  of  the  iron-clad  Monarch,  the 
fastest  and  one  ot  the  most  formidable  of  the  vessels  designed  by  Mr. 
E.  J.  Reed,  formerlj^  the  chief  constructor  of  the  British  navy.  This 
vessel  is  a turreted  iron-clad,  built  iu  competition  with  the  designs  fur- 
nished by  the  Lairds  for  that  unfortunate  ship  the  Captain,  subsequeutly 
lost  by  capsizing  in  a gale  of  wind  in  the  Bay  of  Biscay. 

The  writer  was  sent  by  the  Navy  Department  to  inspect  the  Monarch 
on  the  occasion  of  her  arrival  in  the  LTnited  States  with  the  body  of  the 
distinguished  philanthropist  George  Peabody,  and  was  then  ami  sub- 
sequently able  to  secure  very  complete  data  of  construction  and  per- 
formance,* the  most  essential  of  which  are  here  given. 

405.  Classification  of  war-vessels.— It  is  only  recently  that  the 
attempt  seems  to  have  been  made  to  determine  a classification  of  war- 
vessels  and  to  plan  a naval  establishment  which  shall  be  likely  to  meet 

* For  a more  complete  descriptiou,  with  illustrations,  see  a paper  by  the  writer  m 
the  Journal  of  the  Franklin  Institute,  1870. 
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fully  the  requirements  of  the  immediate  future.  It  has  hitherto  been 
customary  simply  to  make  each  ship  a little  stronger,  faster,  or  more 
pdwerful  to  resist  or  to  make  attack  than  was  the  last.  The  foct  that 
the  direction  of  progress  in  naval  science  and  architecture  is  plainly 
perceivable,  and  that  upon  its  study  may  be  based  a fair  estimate  of 
the  character  and  relative  distribution  of  several  classes  of  vessels, 
seems  to  have  been  appreciated  by  very  few. 

In  the  year  1870  the  writer  proposed*  a classification  of  vessels  other 
than  torpedo-vessels  which  has  siuce  been  a'so  proposed  in  a somewhat 
modified  form  by  Mr.  J.  Scott  Kiissell.f  The  writer  then  remarked  that 
the  increase  so  rapidly  occurring  in  weight  of  ordnance  and  of  armor 
and  in  speed  of  war-vessels  would  probably  soou  compel  a division  of 
the  vessels  of  every  nav}’  into  three  classes  of  ships,  exclusive  of  tor- 
pedo-vessels, one  for  general  service  in  time  of  peace,  the  others  for  use 
only  in  time  of  war. 

“The  first  class  may  consist  of  unarinored  vessels  of  moderate  size, 
fair  speed  under  steam,  armed  with  a few  tolerably  heavy  guns,  and 
carrying  full  sail-power. 

“The  second  class  may  be  vessels  of  great  speed  under  steam,  uii- 
armored,  carrying  light  batteries  and  as  great  spread  of  canvas  as  can 
readily  be  given  them;  very  much  such  vessels  as  the  Wampanoag 
class  of  our  own  Navy  were  intended  to  be — calculated  expressly  to 
destroj^  the  commerce  of  an  enemy. 

“ The  third  class  may  consist  of  ships  carrying  the  heiiviest  possible 
armor  and  armament,  with  strongly-built  bows,  the  most  i3owerful 
machinery  that  can  be  given  them,  of  large  coal-carrying  capacity,  and 
unencumbered  by  sails,  everything  being  made  secondary  to  the  one 
object  of  obtaining  victory  in  contending  with  the  most  powerful  of 
possible  opponents.  Such  vessels  could  never  go  to  sea  singly,  but 
would  cruise  in  couples  or  in  squadrons.  It  seems  hardly  doubtful  that 
attem[)ts  to  combine  the  qualities  of  all  classes  in  a single  vessel,  as  has 
hitherto  been  done,  will  be  necessarily  given  up,  although  the  classifica- 
tion indicated  will  certainly  tend  largely  to  restrict  naval  operations.’^ 

The  introduction  of  the  stationary,  the  floating,  and  the  automatic 
classes  of  torpedoes  and  of  torpedo-vessels  has  now  become  accom- 
plished, and  this  elenient,  which  it  was  predicted  by  Bushnell  and  by 
Fulton  three-quarters  of  a century  ago  would  at  some  future  time 
become  important  in  warfare,  is  now  well  recognized  by  all  nations. 
How  far  it  may  modify  future  naval  establishments  cannot  be  yet  con- 
fidently stated,  but  it  seems  sutflcieutly  evident  that  the  attack,  by  any 
navy,  of  stationary  defenses  protected  by  toiq^edoes  is  now  quite  a thing 
of  the  past. 

It  may  be  perhaps  looked  upon  as  exceedingly  probable  that  torpedo - 
ships  of  very  high  speed  will  yet  drive  all  heavily  armored  vessels  from 

* Journal  Fraukliu  lustitute,  1870.  H.  li.  M.  S.  Monarch, 
t Loudon  Engineering,  1875. 
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the  ocean,  and  complete  the  historical  parallel  between  the  man  in 
armor  of  the  Middle  Ages  and  the  armored  man-of-war  of  our  times. 

406.  The  following  isa  brief  description  of  the  most  important  features 
of  construction  of  the  Monarch,  above  referred  to,  and  of  her  machinery 
armor,  and  armament : 

The  hull  of  the  Monarch  is  of  iron,  and  is  built  on  what  is  called  by 
Mr.  Reed  the  “combined  longitudinal  and  bracket- plate  system.” 

Its  length  is  330  feet,  beam  57J  feet,  and  depth  about  36  feet.  The 
mean  draught  is  24J  feet,  measured  tonnage  5,102,  and  displacement  8,100 
tons.  The  iron  is  all  of  good  quality,  having  a tenacity  of  over  50,000 
pounds  per  square  inch  and  extensibility  of  nearly  one-hfth.  A double 
bottom  extends  under  the  whole  space  occupied  by  engines  and  boilers, 
and  up  as  high  as  the  lower  edge  of  the  armor  j the  bow  retreats  as  it 
rises  above  water,  and  below  the  surface  it  is  well  strengthened  to 
serve  as  a ram  ; the  stern-overhang  is  brought  down  to  the  water-line 
and  armored,  in  order  to  protect  the  rudder-head. 

The  vessel  is  ship-rigged,  carrying  about  21  square  feet  of  canvas  to 
each  square  foot  of  midship-section,  giving  a large  aggregate  but  small 
proportional  spread  of  sail.  The  outside  plating  of  the  hull  varies  in 
thickness  from  IJ  inches  in  tiie  garboard-strakes  to  ||  and  ^ oii  tlie 
lightest  portion  of  the  side. 

The  armor-plating  is  7 inches  thick  along  the  water-line  and  6 inches 
on  exposed  portions  of  the  hull  that  are  included  between  two  armored 
athwartship’s  bulkheads,  which  inclose  the  bases  of  the  turrets  and  the 
“ funnel.”  The  other  parts  of  the  hull  are  nnarmored,  except  that  case- 
mates are  raised  forward  to  protect  two  guns  pointing  ahead,  mounted 
under  the  forecastle,  and  aft  also,  to  protect  a single  gun  firing  directly 
astern. 

The  armor  is  backed  by  12  inches  of  teak,  and  supported  by  the  inner 
14  inches  iron  skin-plating  in  two  thicknesses  of  j inch  each.  The  inner 
skin  is  stiffened  behind  the  armor  by  the  ship’s  frames,  10  inches  deep 
and  2 feet  apart,  and  also  by  longitudinal  frames  riveted  to  the  skin  out- 
side and  imbedded  in  the  backing,  but  not  in  contact  with  the  armor- 
plating. 

The  athwartship  armored  bulkheads  have  5-inch  armor,  backed  with  10 
inches  of  teak  and  a supporting  inner  skin. 

The  double  bottom  is  made  water-tight,  and  is  divided  into  compart- 
ments like  the  hull  itself;  it  is  also  provided  with  means  for  tilling  and 
emptying  each  of  its  compartments  as  may  be  necessary  to  ballast  or  to 
trim  the  ship  ; its  greatest  value  consists  in  the  safety  which  it  affords 
against  loss  of  the  vessel  from  injury  to  the  outer  skin  by  the  bow  of  an 
enemy,  by  torpedoes,  or  by  striking  a rock. 

Heavy  stringer-plates  are  worked  on  each  deck,  and  the  spar-deck  is 
wholly  of  J-inch  iron,  with  a covering  of  wood.  Above  the  double 
bottom,  the  ordinary  transverse  framing  is  adopted.  A wing-bulkhead 
lends  additional  security  by  strengthening  the  hull  and  resisting  shot 
capable  of  penetrating  the  side  armor. 
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The  hull  is  divided  transversely  by  several  water-tight  bulkheads. 
One  of  these  bulkheads  is  placed  near  the  bow,  in  order  that,  should 
the  bow  be  strained  or  torn  open  by  a collision,  the  ship  may  still  float 
safely;  another  is  built  at  the  screw-shaft  stulflng-box  near  the  stern, 
two  inclose  the  engine-room,  two  others  inclose  the  boiler-space,  and 
another  divides  it  equally ; others  inclose  the  magazine  and  the  holds. 
All  openings  in  these  bulkheads  have  water-tight  sliding  iron  doors 
fitted. 

There  is  no  external  keel,  its  absence  being  pretty  nearlj-  compen- 
sated, perhaps,  by  the  “ bilge  keels.”  A ‘‘ balanced  rudder,”*  similar 
to  those  so  long  used  in  our  own  Xavy,  is  fitted,  and  its  weight  is  taken 
on  a set  of  conical  rollers  at  the  rudder-head.  Double  chain-riveting  is 
employed  in  butts  and  laps  throughout  the  hull.  The  weight  of  the  hull 
without  armor  is  given  at  3,674  tons,  and  the  weights  carried  at  4,632 
tons.  The  load-draught  is  224  feet  forward  and  26^  feet  aft.  The  cost 
of  the  hull  was  not  far  from  £300,000. 

407.  The  turrets  of  the  Monarch  are  26J  feet  in  diameter,  plated  with 
8-inch  iron,  backed  with  10  inches  of  teak  and  an  inner  IJ-iuch  iron 
skin ; they  are  strengthened  by  girders  in  the  same  manner  as  the  side 
armor  of  the  hull. 

On  the  side  in  which  the  ports  are  cut,  the  outer  plating  is  10  inches 
thick  ; these  plates  are  19  feet  long. 

The  turrets  rest  upon  32  conical  rollers,  bearing  on  a circular  bed- 
piece  fitted  upon  the  main  deck  ; they  rise  through  the  upper  deck  to  a 
sufiicient  height  to  allow  the  line  of  fire  of  their  guns  to  clear  that  deck, 
and  are  only  armored  where  exposed  above  the  upper  deck. 

The  turrets  are  turned  either  by  hand-power  or  by  a pair  of  engines 
of  about  10  inches  diameter  of  cylinder  and  12  inches  stroke  of  piston. 

The  turrets  may  be  turned  completely  around  in  slightly  more  than  a 
half  minute.  The  pilot-house  or  “ conning-tower,”  as  it  is  called,  is  sep- 
arate from  the  turrets,  and  immediately  forward  the  funnel,  an  arrange- 
ment vastly  less  convenient  in  action  than  that  adopted  in  our  monitors* 
It  has  no  sight-holes,  but  a reflecting  mirror  may  be  used  above  its 
open  top,  to  obtain  a view  of  the  enemy;  otherwise  the  head  must  be 
raised  above  the  protecting  shield. 

The  guns  are  carried  4 feet  above  the  level  of  the  spar-deck,  or  16 
feet  above  the  water.  The  bulwarks  are  liinged,  and  in  action  are  let 
down  out  of  the  way  of  the  guns. 

The  armament  of  the  Monarch  consists  of  seven  guns,  two  twelve-inch 
rifles  in  each  turret,  two  seven-inch  rifles  in  the  forw  ard  casemate  firing 
ahead  or  on  either  bow^,  and  one  seven-inch  rifle  in  the  after  casemate 
pointing  astern. 

The  twelve-inch  guns  weigh  25  tons  each  and  throw  shot  weighing 

* The  balauced  rudder  was  used  many  years  ago  ou  the  ferry-boats  built  uuder  the 
direction  of  Robert  L.  Stevens,  for  the  ferry  between  New  York  and  Hoboken.  It  is 
also  used  on  the  fastest  iron-clad  yet  designed,  the  Stevens  Iron-clad  Battery. 
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600  pounds  with  an  initial  velocity  of  1,212  feet  per  second  and  an  energy 
of  6,145  foot-tons,  the  charge  of  powder  weighing  70  pounds.  At  70 
yards  they  are  capable  of  driving  their  shot  through  13J  inches  of  iron  • 
tbeir  range  at  10°  elevation  is  4,000  yards,  or  2^  miles,  and  at  the  prov- 
ing-station a maximum  range  of  5J  miles  has  been  obtained. 

The  turret-guns  cannot  be  trained  directly  forward  or  right  alt 
being  restricted  in  lateral  training  by  the  forecastle  and  other  obstruc- 
tions 5 the  forward  turret  has  been  trained  to  within  lO^  of  the  line  over 
the  bow,  while  the  after-turret  guns  train  within  14^  of  a line  running 
aft  with  the  keel. 

The  seven-inch  guns  weigh  64  tons  each,  and,  with  their  regular 
charge  of  22  pounds  of  English  L.  G.  E.  powder,  throw  a shot  weighing 
115  pounds,  with  an  initial  velocity  of  1,425  feet  per  second  and  an 
energy  of  1,650  foot-tons,  this  energy  becoming  reduced  at  1,000  yards 
to  1,140  foot-tons.  They  are  capable  of  penetrating  nearly  9 inches  of 
iron.* 

All  of  these  guns  are  of  the  regular  Woolwich  pattern,  consisting  of 
an  inner  tube  of  “Firth  steel,”  re-enforced  by  two  iron  cylinders  or 
bands  shrunk  one  over  the  other.  The  twelve-inch  guns  are  rifled  with 
9 grooves,  making  one  revolution  in  50  feet.  The  shot  from  the  seven- 
inch  rifles  turns  once  in  20J  feet.  The  twelve-inch  guns  have  a prepon- 
derance of  6 cwt.  and  the  seven-inch  guns  of  3 cwt. 

The  ports  in  the  turrets  are  cut  very  small,  and,  in  consequence,  a very 
novel  method  of  obtaining  elevation  and  depression  of  the  turret  guns 
is  resorted  to.  The  carriages  of  the  guns  are  of  iron,  very  similar  in  form 
to  those  used  in  our  service.  The  compressors  are  made  like  those 
which  were  years  ago  fitted  to  heavy  guns  in  our  monitors  by  Captain 
Ericsson,  consisting  of  a set  of  timbers  lying  under  the  carriage  parallel 
with  the  slides  of  the  gun,  which  are  simultaneously  clamped  by  a single 
motion  of  the  compressing-gear,  the  frict^ion  between  the  beams  and  the 
jaws  of  the  clamps  resisting  the  recoil. 

The  device  for  elevating  and  depressing  the  guns  referred  to  above 
consists  of  an  arrangement  of  screws  and  hydraulic  cylinders  by  which 
the  gun  is  raised  bodily  in  its  carriage  to  obtain  depression  or  dropped 
to  obtain  elevation.  It  requires  five  or  seven  minutes  to  raise  the  gun 
from  the  extreme  of  15°  elevation  to  the  other  extreme  of  7°  depression. 

408.  The  engines  are  of  the  “back-acting”  or  “returu-connecting-rod’? 
type,  steam -jacketed,  and  with  surface-condensation,  built  by  Messrs. 
Humphreys,  Tennant  & Co. 

They  have  cylinders  of  120  inches  diameter,  4 feet  6 inches  stroke  of 
piston;  their  nominal  horse-power  is  1,100,  and  they  have  worked  up 
to  more  than  8,100  indicated  horse-power. 

The  following  formula  was  constructed  by  the  writer  as  approximately  determining 

penetration:  WithPalliser  chilled  shot,  ^==-yJ  4(){j  outid^  where  p = penetration  of  ar 
inor-x)lato  in  inches.  w = weight  of  shot.  v = its  velocity  on  striking.  d=it3 
diameter. 
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Tlie  main  valves  are  the  common  double-ported  slide,  balanced  by  a 
ring  on  the  back;  they  are  worked  by  a link-motion.  The  balance-ring 
moves  with  the  valve,  the  wearing-surface  being  upon  the  valve-chest 
cov’er. 

The  expansion-valve — a gridiron-valve  driven  by  an  independent 
eccentric — is  rendered  adjustable  by  a half-link. 

The  steam-chest  cover  and  cylinder  covers  are  steam -jacketed.  The 
iiiaiu  links  are  of  the  solid  or  “ sector-bar”  pattern,  and  give  perfect 
satisfaction. 

The  outboard-cylinder  heads  are  fitted  with  stuffing-boxes  to  accom- 
modate 20-inch  half-trunks,  which  it  has  been  found  necessary  to  add, 
in  consequence  of  the  fact  that  the  great  pistons  cannot  support  their 
own  weight — 8 tons  each — without  seriously  injuring  the  cylinder.  The 
cross-head  is  fitted  with  ‘‘  slipper-guides.” 

The  surface  condensers  are  arranged,  as  is  very  usual  in  English  en- 
gines, with  vertical  tubes  f inch  diameter,  6 feet  long,  water  outside  and 
steam  within;  they  contain  10,500  square  feet  of  condensing-surface, 
equal  to  about  18J  square  feet  of  surfiice  to  each  foot  of  boiler-grate 
surface,  or  equal  to  about  two-thirds  the  heating-surface.  The  vacuum 
obtained  during  a run  down  Chesapeake  Bay  was  27^  inches,  as  noted 
by  the  author,  without  using  the  jet  injection,  which  is  also  fitted. 

The  main  links  are  mov^ed  by  a pair  of  reversing-engines  mounted  on 
the  platform  over  the  large  engines;  reversing  occupies  about  fifteen 
seconds. 

All  the  work  is  well  done  ; very  little,  however,  is  highly  finished. 

The  engines  drive  a two-bladed  Griffith  screw  of  23J  feet  diameter 
and  26  feet  4 inches  mean  pitch,  expanding  5 feet.  Its  apparent  slip  is 
about  9 per  cent.,  and  it  works  with  v'ery  little  shake ; it  does  not  lift. 
A “separator”  is  attached  to  the  steam-pipe  near  tlie  engines.  The 
crank-shaft  journals  are  3J  and  4J  feet  long,  and  usually  run  without 
water,  unless  at  full  speed;  the  lubricant  is  Rangoon  oil.  The  cranks 
carry  heavy  counterbalances,  and  at  40  revolutions,  the  highest  number 
made  under  our  observation,  the  engines  turn  their  centers  very 
smoothly. 

The  boilers  are  of  the  horizontal  tubular  kind,  and  have  20,900  square 
feet  of  heating-surface,  3,000  feet  of  superheating-surface,  and  900  feet 
of  grate-surface,  or  27.2  square  feet  of  total  heating-surface  to  the  square 
foot  of  grate.  The  boiler-tubes  are  2^  inches  by  8 feet;  the  superheat- 
ing-tubes are  4 inches  diameter  by  24  feet  long.  The  dampers  are  so 
arranged  that  the  gases  may  be  sent  either  through  the  supe/dieaters 
or  to  the  smoke-pipe  direct.  The  “funnel ” is  oval  in  .section,  with  a 
cross  area  of  about  125  square  feet,  or  one-seventh  the  grate-surface. 
The  superheating-surface  is  said  to  beaini)le,  and  the  draught,  which  at 
full  power  is  urged  by  blowers  forcing  air  into  the  boiler-room,  is  all 
•that  is  desired.  The  coal-bunkers  are  behind  and  at  either  end  of  the^ 
boilers,  and  the  coal  is  transported  without  difficulty  in  large  buckets. 
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carrying  400  pounds  each,  which  are  suspended  from  a carriage  runnino’ 
on  an  overhead  tramway. 

The  ashes  are  thrown  overboard  by  a steam-jet  which  acts  like  the 
steam-jet  pump  which  is  sometimes  lifted  on  board  steam- vessels  as  a 
bilge-pump.  It  is  said  to  work  well. 

The  engines  and  boilers  occupy  a length  in  the  ship  of  135  feet  and  a 
breadth  of  45  feet.  The  following  are  their  weights : 


Tons. 

Cwt. 

Qr. 

Lbs. 

Tons. 

Cwt. 

Qr. 

Engines 

.•318 

5 

o 

5i 

Sp.are  articles  and  gear. 

52 

9 

3 

Boilers 

355 

19 

3 

2-2J 

Water  in  bi)ilers 

159 

11 

q 

Screws 

14 

19 

0 

Water  in  condensers... 

45 

0 

0 

The  total  of  all  weights  in  the  engineer’s  department,  exclusive  of  600 
tons  of  coal  and  inclusive  of  bunkers,  door-plates,  and  fittings,  is  1,130 
tons. 

The  engines  and  boilers  and  all  their  appendages  were  built,  placed 
in  the  ship,  and  the  cost  of  steam-trials  defrayed  by  the  contractors  for 
the  sum  of  £66,500,  an  extremely  low  price  when  compared  with  the  ex- 
pense of  building  machinery  in  this  country,  but  not  so  surprising  when 
it  is  known  that  the  best  class  of  mechanics  are  paid  but  seven  or  eight 
shillings  per  day  in  England,  and  the  cost  of  stock  is  pretty  closely  pro- 
portioned to  the  prices  paid  Tor  labor. 

409.  The  performance  of  the  Monarch  is  satisfactory  under  sail  or 
steam.  When  under  sail  she  carries  20^  weather-helm  with  the  screw 
dragging,  but  with  the  propeller  disconnected  it  reduces  to  7°.  Though 
carrying  but  two-thirds  the  amount  of  sail  that  is  usually  given  meii-of- 
war,  she  has  made  eleven  knots  under  sail  alone.  The  Monarch  is  a 
remarkably  steady  ship,  dry  in  the  heaviest  weather,  yet  pitching  very 
little  ; her  maximum  roll  is  stated  at  21'^.  The  guns  were  worked  with- 
out serious  inconvenience  during  a gale  in  the  Bay  of  Biscay,  when  no 
one  of  the  half  dozen  broadside  ironclads  in  company  could  fire  a gun. 

Under  steam,  and  on  the  measured  mile,  with  a displacement  of 
8,070  tons,  midship  section  1,208  square  feet,  and  mean  draught  of  23 
feet  1 inch,  a speed  of  14.937  knots  on  an  average  horse-power  of  7,813— 
maximum  8,139 — w^as  attained,  the  steam-pressure  being  31J  pounds, 
revolutions  03.61 — maximum  05 — and  coal-consumption  about  2§  pounds 
per  horse-power  per  hour.  The  formula — 

a ]\r  ” “ ” 

^ p gave  a co  efficient  of  513.4,  and  ~ j ~jj 

On  a six-hours’  trial  the  results  were  as  follows : Speed,  14.715  knots  : 
I.  H.  P.,  7,470  ; steam-pressure,  30.58;  revolutions,  63.07 ; coal  per  H. 
P.  per  hour,  2.789  ; co-efficients  of  performauce,  515.3  and  171.6.  These 
CO  efficients  are  low,  but  that  fact  is  not  discreditable  to  the  designer,  as 
it  was  considered  advisable  to  sacrifice  something  in  this  respect,  in 
order  to  obtain  a cheaper  and  “ handier”  ship,  and  the  lines  were  there- 
fore made  rather  full. 
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Tbe  Monarch  can  steam  125  hours  at  12J  knots;  21U  hours  at 
11  knots,  or  475  hours  at  8 knots  nearly,  rnnning  distances  of  l,d(K), 
2,310,  and  3,800  knots  before  consuming  her  000  tons  of  coal.  Acting 
as  a ram,  the  Monarch  has  an  energy  of  33,415  foot-tons  at  124  knots, 
25,200  foot-tons  at  11  knots,  and  13,040  foot-tons  at  8 knots,  or  a de- 
structive power,  at  those  speeds,  equal  to  54,  4,  or  2 Woolwich  GOO- 
pounders  simultaneously  discharged  against  the  same  spot. 

The  magnetism  of  the  Monarch  has  now  become  permanent  in  amount 
and  distribution,  with  a maximum  deviation  of  the  standard  comi»assof 
10^  30',  and  the  course  may  be  laid  with  all  the  certainty  that  could 
exist  in  any  wooden  ship. 

In  conclusion,  although  we  may  agree  with  the  designer  of  the  Mon- 
arch, who,  after  the  designs  had*  been  issued  and  the  ship  laid  down, 
stated  his  conviction  that  “ no  satisfactorily  designed  tnrret-shii>  with 
rigging  has  yet  been  built  or  ev^en  laid  down,”  and  though  we  may  go 
even  farther  and  assert  that,  very  probably,  none  ever  will  be  designed 
it  must  be  admitted  that  the  Monarch  is  a very  etlective  and  power- 
ful fighting  machine.  Her  speed  is  greater  than  that  of  any  war- vessel  in 
the  world,  with  the  exception  of  one  or  two  broadside-shii)s  recently 
built  in  England  ; her  armor,  though  not  impenetrable,  will  yet  enable 
her  to  fight  a considerable  time  in  an  action  in  which  she  may  usually 
choose  her  own  position,  without  probably  receiving  vital  iiijury;  her 
guns  have  the  greatest  penetrating  power  of  any  yet  worked  on  ship- 
board, and  they  can  be  worked  in  any  weather,  while  their  height  above 
water  gives  them^ advantages,  in  other  respects,  that  should  not  be  un- 
derestimated. Her  power  as  a ram  is  immense,  and  her  construction  is 
such  as  will  enable  her,  with  tolerable  safety,  to  make  use  of  that  power. 
Her  spread  of  sail,  though  comparatively  small,  will  enable  her  to  cir- 
cumnavigate the  globe,  if  required,  independent  of  steam.  On  the  other 
hand,  the  ship  is  large,  costly  to  build,  and  expensive  to  keep  afloat; 
she  is  not  impenetrable  to  the  heavy  guns  of  the  present  day,  to  say 
nothing  of  those  next  year  or  of  the  next  decade;  she  is  seriously  re- 
stricted in  lateral  range  of  guns,  carries  comparatively  little  coal,  and 
is  liable  to  become  completely  disabled  by  the  foaling  of  the  screw  by 
riggiugshot  away  in  action,  a danger  shared,  of  course,  by  all  masted 
vessels.  In  our  harbors,  her  great  length  and  depth  would  be  fatal  dis- 
advantages. 

410.  British  naval  policy. — Great  Britain  has  a definite  naval 
policy  which  is  carried  out  with  tolerable  consistency.  Jn  her  liberal 
action  and  intelligent  appreciation  of  the  importance  of  the  improve 
ments  which  are  continually  being  made  in  naval  engineering,  including 
architecture  and  ordnance,  that  nation  exhibits  a marked  contrast  with 
the  United  States.  The  British  navy  is  greatly  increased  by  the  con- 
struction of  new  vessels,  and  it  has  been  the  declared  policy  of  the  ad* 
miralty  to  build  annually  about  20,000  tons,  of  which  about  10,000  or 
12,000  tons  are  to  be  armored.  While  keeping  up  her  fleet,  however, 
28  MA 
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the  fact  that  we  may  be  approaching  a complete  revolution  in  naval 
methods  of  warfare  is  not  lost  sight  of,  and  the  administration  is  not 
only  steadily  and  carefully  following  a system  of  experiment  with  the 
various  forms  of  torpedoes,  but  officers  of  the  navy  and  government 
officials  in  foreign  countries  are  continually  watching  naval  movements 
in  those  countries,  and,  in  some  cases,  officers  are  detailed  to  the  special 
duty  of  observing  and  reporting  upon  everything  of  interest  and  all  novel 
and  promising  improvements.  So  intelligent  a policy  must  inevitably 
[iroduce  satisfactory  results  in  increasing  the  efficiency  and  the  economy 
of  naval  administration. 

411.  Later  vessels. — Until  the  Monarch  wms  built,  there  were  no 
monitors  in  the  British  navy.  Since  the  successful  performance  of 
that  and  of  other  turreted  ships,  several  very  formidable  ships  have 
been  laid  down. 

Tlie  most  powerful  of  these  iron-dads  are  the  Devastation,  the  Thun- 
derer, and  the  Fury  j and  the  latest  and  most  formidable  of  all  is  the 
Inflexible.  The  former  are  285  feet  in  length,  62J  feet  beam,  and  26 
draught.  They  are  registered  as  of  4,406  tons  burden.  Their  side-armor 
is  12  inches  thick  in  single  thickness  along  the  water-line  and  on  breast- 
works and  somewhat  thinner  below  water.  The  armor  rests  on  teak- 
backing  18  inches  thick,  and  an  inner  skin  IJ  inches  thick.  The  deck 
rises  4.J  feet  above  water.  The  turrets  are  31  feet  in  diameter,  armored 
with  14-inch  plates  on  the  side  through  which  the  ports  are  cut,  and  12 
inches  on  other  parts,  backed  with  15  and  17  inches  of  teak  on  an  inner 
IJ-inch  skin.  The  bow  is  strengthened  to  be  used  as  a ram.  These 
vessels  carry  each  four  35  ton  twelve-inch  rifles  in  two  turrets,  at  a 
height  of  twelve  feet  abov^e  water.  The  shot  weigh  over  600  pounds, 
and  are  propelled  by  100  pounds  of  powder,  like  that  used  in  the  70- 
pound  cartridges  of  the  Monarch^s  guns.  The  vessels  have  a speed  of 
12J  knots  i)er  hour,  and  carry  1,600  tons  of  coal,  a quantity  sufficient  for 
ten  days’  steaming j they  have  twin-screws,  driven  by  engines  of  800 
nominal  horse  power,  collectively. 

The  Inflexible,  the  most  powerful  British  iron-clad  yet  designed,  has 
recently  been  laid  down.  This  vessel  is  320  feet  long,  of  75  feet  beam, 
and  about  25  feet  draught,  displacing  11,000  tons.  The  hull  is  some- 
what similar  to  that  of  the  Monarch  in  construction,  but  “low  steel’’ 
is  used  in  the  frames.  The  battery  is  to  consist  of  four  81-ton  guns  of 
the  Woolwich  pattern,  each  throwing  a shot  weighing  a half  ton,  with, 
probably,  an  initial  velocity  of  nearly  1,500  feet  per  second.  Two  are 
mounted  in  each  of  the  two  turrets,  and  the  line  of  fire  of  all  can  be 
directed  directly  forward,  directly  aft,  or  on  either  beam.  At  certain 
angles  the  turrets  come  in  line,  and  the  sweep  of  one  pair  of  guns  is 
interrupted  for  a limited  angle  of  training.  This  peculiar  arrangement 
is  secured  by  placing  the  turrets  one  on  each  side  of  the  immeusel} 
wide  deck,  and  the  one  abaft  the  other,  so  that,  when  firing  on  the  one 
beam,  the  line  of  fire  of  the  one  turret  is  ahead  of  the  other,  and,  while 
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firing  on  the  other  beam,  the  line  of  fire  of  the  second  passes  aft  of  the 
first  turret.  Firing  ahead  or  avSterii,  the  removal  of  the  turrets  from 
the  center-line  of  the  ship  gives  them  ample  clearance.  The  turrets  are 
protected  Iw  armor  2 feet  in  thickness,  and  are  carried  above  a rec- 
tangular box  110  feet  long,  also  armor-plated,  and  protecting  the  ma- 
chinery and  other  essential  portions  of  this  fighting  machine.  The 
remaining  portions  of  the  vessel,  forward  and  aft  the  armored  bulk-heads 
which  terminate  this  fighting  house,  are  unarmored,  but  are  divided  into 
numerous  compartments  by  water-tight  bulk-heads.  The  armor  is 
backed  by  17  inches  of  teak.  The  “ram’’  extends  15  feet  in  advance  of 
the  bow.  Deck  houses  extend  along  the  middle  line  of  the  vessel  and 
between  the  fore  and  aft  lines  of  fire  of  the  guns.  In  these  are  accom- 
modations for  the  crew.  The  engines  are  expected  to  develop  over 
8,000  horse-power  and  to  drive  the  ship  14  knots,  or  nearly  sixteen  and 
one-half  statute  miles,  an  hour.  The  coal-bunkers  will  store  1,200  tons 
of  coal,  which  will  sufiice  for  five  days’ full  steaming,  carrying  the  ship 
something  over  fifteen  hundred  miles,  or,  at  10  knots,  across  the  Atlan- 
tic, leaving  a reserve  in  the  bunkers.  As  the  later  British  ships  have 
usually,  on  trial,  been  found  to  come  well  up  to  the  estimates  of  their 
designers,  this  vessel  will  probably  prove  by  far  the  most  formidable 
vessel  afloat.  The  only  defect  is  in  speed.  The  Monarch  has  steamed 
14.9  j the  Wampanoag  class  of  the  United  States  Navy  and  the  iron  clad 
designed  by  Kobert  L.  Stevens  and  reconstructed  by  General  McClellan 
and  Mr.  I.  Newton  will  steam  about  17  knots  at  load-draught. 

The  cost  of  the  Inflexible  is  stated  at  between  £500,000  and  £600,000. 

412.  Sir  Joseph  AYhitworth  & Co.,  machinery  and  gauges.— 
The  establishment  of  Sir  Joseph  Whitworth  & Co.,  at  Manchester,  is 
among  the  few  well  known  to  American  engineers. 

Sir  Joseph  Whitworth  was  one  of  the  first  to  introduce  fine  workman- 
ship, accurate  fitting,  and  precise  measurement  into  the  mauutacture  ot 
tools  and  general  machinery.  Many  years  ago  he  constructed  measur- 
ing instruments  capable  of  indicating  dimensions  correctly  within  the 
ten-thousandth  of  an  inch.  He  introduced  systems  of  screw-threads 
and  of  gauges,  which  are  now  very  generally  adopted.  The  accuracy 
of  his  work  may  be  imagined  when  it  is  stated  that  a set  ot  Whitworth 
gauges  was  furnished  the  Stevens  Institute  of  Technology  from  which 
any  combination  of  sizes  ma}’  be  selected  and  they  will  be  tound  to  be 
equally  perfect  fits  if  introduced  together  into  a ring  which  precisely  fits 
over  the  larger  gauge  of  which  the  diameter  is  equal  to  the  sum  of  the 
diameters  of  the  combination.  Warming  a ring-gauge  slightly,  the  plug- 
gauge  of  corresponding  dimension  will  fall  freely  through  it ; warming 
the  plug  and  leaving  the  ring  at  normal  temperature,  the  tormer  will 
refuse  to  pass  through  the  latter. 

Messrs.  Wm.  Sellers  & Co.,  who  introduced  this  system  of  work  into 
the  United  States,  make  similar  gauges. 
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In  many  respects  the  styles  of  the  tools  made  by  these  two  firms  and 
their  methods  of  work  resemble  each  other  closely,  and,  excellent  as  is  the 
work  of  the  Whitworth  Company,  the  American  firm  will  not  snfter  by 
comparison.  The  remarks  already  made  in  reference  to  the  machinery 
of  Sellers  & Co.  will  well  apply  here. 

Messrs.  Whitworth  & Co.  were  the  first  manufacturers  in  Europe 
to  adopt  the  Allen  engine;  it  was  brought  to  their  notice  by  Mr.  Charles 
T.  Porter,  who  also  introduced  it  on  the  continent. 

Sir  Joseph  Whitworth  has  long  been  engaged  in  the  manufacture  of 
a peculiar  form  of  ordnance,  and  has  succeeded  in  obtaining  results,  on 
trial,  which  have  not  been  equalled  by  the  Armstrong,  the  Woolwich,  or 
any  ordnance  yet  introduced. 

Its  efficiency  is  largely  due  to  its  general  form,  its  peculiarities  of 
rifling,  and  the  method  of  its  manufacture,  and,  also,  in  great  degree, 
to  the  wonderful  endurance  of  the  peculiar  metal  used  in  its  construction. 

413.  Whitworth  ordnance. — The  W^hitworth  ordnance  has  a power 
of  penetration  and  a range  exceeding  other  guns  by  probably  30  per 
cent.  The  maker  claims,  under  some  conditions,  a superiority  of  50  per 
cent.  The  fact  that  the  British  government  has  persistently  refused  to 
adopt,  or  even  countenance,  this  system  is  one  of  those  singular  instances 
of  wilful  disregard  of  proven  facts,  or  of  official  indifiereuce  to  public  in- 
terests, which  it  is  difficult  to  account  for,  except  on  the  supposition  that 
private  prejudice  or  private  interests  have  been  permitted  to  control  the 
action  of  the  departments.  The  result  is  unfortunate  for  Great  Britain, 
but  it  may  prove  fortunate  for  her  enemies. 

The  Whitworth  gun  is  a rifle,  now  usually  constructed  of  what  the 
inventor  terms  “ compressed  steel,”  having  a bore  of  hexagonal  section, 
and  throwing  a projectile  of  the  form  of  a hexagonal  prism  with  conoidal 
or  ogival  ends,  and  of  great  length  and  weight  in  comparison  with  the 
projectiles  used  with  other  ordnance  of  equal  size  of  bore. 

The  powder-charge  is  very  large,  even  for  this  weight  of  shot. 

The  advantages  possessed  by  the  Whitworth  fornr  of  rifling  are : 
the  ease  and  accuracy^  with  which  it  can  be  produced  in  the  inanufactory ; 
the  great  extent  of  bearing-surface,  and  consequently  the  slight  wear 
and  small  loss  by  windage  due  to  such  area  of  rubbing-surfiice ; the 
great  strength  secured  to  resist  stripping  of  either  shot  or  bore,  and  the 
facility  with  which  it  can  be  applied  in  construction  of  ordnance  of  any 
form  or  of  any  size. 

The  shot  has,  after  a long  series  of  experiments,  been  given  a length 
of  from  three  to  four  diameters,  and  the  solid  shot  are  given  the  conoidal 
form  at  each  end.  Shell  are  made  parallel  at  the  back  end,  to  give  them 
capacity  for  heavy  bursting  charges,  and  some  sacrifice  of  range  is  thus 


made. 


In  1871,  a little  12-pounder  Whitworth  rifle,  with  a shot  weighing  l<i 
pounds  and  a charge  of  R.  L.  G.  powdefi  of  4J  pounds,  was  fired  at  au 
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angle  of  elevatiou  of  33^,  and  attained  a range  of  six  and  one-sixth 
miles. 

Whitworth  uses  a flat-headed  projectile  in  attacking  armor-plate. 
This  form  will  not  penetrate  thicker  metal,  when  striking  ])erpendicii- 
larly,  than  the  shot  with  rounded  head;  but  it  will  readily  enter  at 
angles  of  inclination  which  would  invariably  cause  the  latter  to  glance, 
and  it  will  enter  water  and  will  penetrate  under  water.  With  the  sub- 
marine gnu  proposed  by  Fulton,  and  but  recently  brought  forward  in 
modern  shape,  this  form  of  projectile  and  the  powerful  gun  from  which 
it  is  tired  are  likely  to  prove  essential  elements  of  success. 

A Wliitworth  O-inch  gun,  with  a charge  of  50  pounds  of  powder  behind 
a steel  shell  '3h  diameters  long  and  weighing  404  i>ounds,  drove  its  shot 
through  three  5-inch  iron  jdates  and  two  o-inch  layers  of  iron  cement,  at 
LM)0  yards,  the  shell  remaining  in  the  target,  with  the  ends  protruding, 
front  and  rear.  This  is  the  most  extraordinauj’  case  of  penetration  which 
has  come  to  the  knowledge  of  the  writer. 

These  guns  are  manufactured  very  readily  by  modern  methods,  and 
there  is  no  objection  to  their  adoption  on  the  score  of  economy.  Their 
ammunition  is  cheaply  made,  and  can  be  produced  in  large  quantities, 
when  demanded  by  the  exigencies  of  war,  promptly  and  at  compara- 
tively small  exi)euse.  Whitworth  estimates  the  time  of  fitting  the 
rough  casting  to  gauge,  and  turning  it  out  ready  for  use,  at  l‘J  minutes, 
and  the  expense  at  less  than  threepence.  Allowing  for  the  difference  in 
value  of  British  coin  and  the  depreciated  paper-currency  of  the  United 
States,  the  probable  cost  in  this  country  may  be  estimated  at  about  fl 
cents. 

• 

In  proving  his  guns  the  maker  has  sometimes  adopted  the  novel  expe- 
dient of  securing  the  projectile  in  the  gun  and  tiring  a diminished  j)ow- 
der-charge  behind'it,  permitting  the  gases  to  escape  only  by  the  vent. 

The  Whitworth  breech-loader  is  another  interesting  product  of  the 
ingenuity  of  this  great  mechanic.  It  has  a strong,  easily  fitted,  and 
heavy  breech-plug,  is  easy-working,  and  can  be  handled  with  great 
rapidity.  One  of  these  guns,  throwing  a solid  shot  weighing  twelve 
pounds,  four  diameters  long,  and  a charge  of  pounds  of  R.  L.  O 
powelcr,  with  an  angle  of  eleAatiou  of  4(P,  attained  a range  ot  10,(500 
yards.  It  penetrated  a 3-inch  armor-plate  at  200  yards,  although  the 
plate  was  inclined  at  au  angle  of  45*^,  and  the  shell  was  found  imbedded 
5 feet  in  the  sand  behind  the  target.  The  Wliitworth  gun  has  given  bet. 
ter  results  than  the  Woolwich  gnu  where  the  latter  have  25  per  cent, 
greater  nomiual  weight  of  shot.  The  difference  is  even  greater  between 
small  sizes.  The  3-pounder  Whitworth  has  equalled  the  G-pouiider 
Woolwich. 

In  putting  the  gun  together  Sir  Joseph  Whitworth  dispenses  entirely 
with  the  rude  and  usually  awkward  and  hazardous  process  of  shrinkiug 
the  cylindrical  “rings”  upon  the  core,  and  adopts  the  more  mechanical 
and  satisfactory  xilaii  of  turning  and  boring  the  parts  to  an  exact  fit» 
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auil  forcing  tliem  into  place  by  means  of  the  bydraiilic  press.  The 
bjdraulic  piess  is  also  used  by  Whitworth  in  forging  the  parts  of  the 
gun  as  Haswell  uses  that  machine  in  forging  the  details  of  locomotive- 
work.  The  writer  found  the.  first-named  using  this  method  in  1870 
and  is  uncertain  to  whom  to  give  credit  for  the  earliest  introduction  of 
the  process  into  regular  work. 

In  making  shot  and  shell,  Whitworth  uses  a moldiDg-inachiue,  and 
has  succeeded  in  making  such  smooth  and  accurate  castings  that'they 
can  be  used  without  loss  of  time  or  money  in  tool-dressing.  They  are 
when  of  iron,  cast  of  Pontypool  (Welsh)  white  iron,  which  chills  well 
and  makes  remarkably  smooth  and  solid  castings. 

The  following  list  of  sizes  and  prices  was  furnished  the  writer  at  an 


earlier  visit. 

FIELD-GUNS. 

WeigM.  Ptice, 

3-ponnder 315  £4,, 

0-i)ounder 630  lbs.  65 

9-pounder 945  lbs.  85 

12-pounder 1,200  lbs.  100 

NAVAL  ORDNANCE. 

20-ponnder 18a  cwt.  £160 

32-pounder 30  cwt.  320 

70-pounder 75J  cwt.  600 

7 tons.  950 

S-inch 1,400 

15  tons.  1,800 

11-inch  .......  27  tons.  3,200 


In  the  year  1870  the  writer  examined  the  principles,  the  design,  and 
the  methods  of  manufacture  of  the  Whitworth  ordnance,  and  made  a 
report*  on  the  rival  systems  of  Great  Britain,  at  the  request  of  the 
Admiral  of  the  Navy,  exhibiting  its  superiority  to  the  other  systems  of 
ordnance  then  known,  and  urging  its  thorough  and  iininediate  experi- 
mental examination  and  provisional  adoption.  There  seems  no  reason 
to  doubt  the  correctness  of  the  conclusions  then  arrived  at.  The  sys- 
tem is  philosophical,  mechanical,  effective,  and  economical. 

414.  Comparison  of  Whitworth  and  Woolwich  systems  of 
ORDNANCE. — As  then  stated,  the  objections  to  the  Woolwich  system  are: 

(1.)  The  use  of  a combination  of  steel  and  iron  or  of  any  two  metals 
is  objectionable  when,  as  is  to-day  the  case,  a single  metal  may  be 
employed  without  special  difficulty. 

(2.)  The  numerous  welds  required  in  building  up  guns  of  forged  coils 
are  so  many  weak  points  in  the  structure,  and  their  presence  is  to  be 
deprecated,  no  matter  how  skilful  the  smith  who  makes  them. 

(3.)  The  material  itself,  although  the  best  of  forged  iron,  is  by  no 
means  the  strongest  material  that  can  be  obtained. 


^Report  of  the  Secretary  of  the  Navy,  1870,  p.  172,  et  soq. 
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(4.)  Tbe  heating  of  the  bauds  xireparatory  to  shrinking  them  on  the 
gun  unavoidably  oxidizes  their  surfaces  to  a greater  or  less  extent, 
and  this  layer  ot  oxide  must  prev^ent  metallic  contact  between  the  two 
surfaces.* 

(5.)  The  impossibility  of  adjusting  accurately  the  amount  of  force 
with  which  tlie  bauds  will  seize  the  barrel  of  the  gun  entails  a possibil- 
ity of  loss  of  strength  from  either  too  great  or  too  little  strain ; of  this 
fact  our  experience  during  the  late  war  with  Parrott  guns  is  good 
evidence. 

(6.)  The  repeated  heating  and  cooling  of  the  metal  while  the  gun  is 
under  construction  weakens  it  and  lessens  its  elasticity  and  resilience  to 


a serious  extent. 

Whitworth  avoids  these  objections — 

(1.)  By  the  use  of  a single  metal  of  extraordinary  strength  and  re- 


silience. 

(2.)  By  the  use  of  cast-metal  instead  of  weldeil  up  bars  and  coils. 

(3.)  By  using  the  strongest  and  most  ductile  metal  3*et  known  in  the 
arts — his  “ compressed  steel.” 

(4.)  By  making  such  mechanically  perfect  fits  of  the  bands  that  the 
hydraulic  press  may,  with  a given  and  safe  pressure,  just  force  them  fully 
home,  giving  a uniform  and  firm  grasp,  which  makes  the  gun  act  like  a 
solid  mass  in  resisting  internal  strains. 

(5.)  This  method  of  adjusting  the  force  with  which  the  inner  barrel  is 
grasped  enables  the  proper  strain  to  be  applied  without  danger  ot  either 
overstraining  the  band  or  leaving  it  so  loose  that  the  strength  ot  the 
gun  is  endangered  by  loss  of  its  support. 

(6.)  The  gun  being  made  of  a cast  metal,  is  given  its  shape  with  a 
single  cooling  from  the  molten  condition. 

The  advantages  of  the  form  of  the  bore  and  the  proportions  of  gun 


and  ot  prcjectile  have  already  been  considered. 

This  subject  may  yet  be  found  one  of  vital  importance  to  the  country, 
and  particularly  to  the  naval  branch  of  the  service,  and  the  writer  is 


compelled,  no  less  by  that  public  spirit  which  should  influence  every 
citizen  than  by  that  personal  interest  which  he  retains  in  the  service 
with  which  he  was  for  so  many  years  connected,  to  present  it  at  some 
length  and  to  urge  its  consideration.  His  experience  and  judgment 
both  as  a civilian  and  as  a navml  engineer  unite  in  dictating  this  action. 

415.  Whitworth’s  compressed  cast  steel.— The  remarkable  metal 


used  by  Whitworth  for  his  ordnance  and  for  such  constructions  as  de- 
mand material  of  exceptional  strength  was  first  [uiblicly  described  by 
its  manufacturer  several  years  since,  and  was  first  experimentally  used 
by  him  nearly  twenty  years  ago. 

In  some  directions,  progress  in  engineering  is  limited  by  the  strength 


"“Mr.  Hitchcock  proposes  to  the  United  States  Ordnance  Department  to  avoid  this 
difficulty  hy  the  ingenious  expedient  of  heating  in  the  neutral  or  deoxidizing  fianie 
of  a gas-furjiace  and  of  forging  without  removal  from  the  heating-chamber, 
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Fig,  221. — Hydraulic  press  for  coiupressiug  steel. 
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and  toughness  of  the  material  available.  Where  a combination  of 
strength  ami  lightness  is  essential,  as  in  marine  steam-engines,  or  where 
increasing  the  amount  of  metal  is  of  no  assistance  beyond  a certain 
limit  in  resisting  strains  tending  to  produce  fracture,  as  in  hydraulic 
presses,  and  especially  in  ordnance,  the  production  of  an  improved 
metal  is  the  essential  step  to  further  advance. 

As  has  been  already  stated  in  another  portion  of  this  report,  the  sev’ 
eral  grades  ot  steels  are  the  strongest,  the  toughest,  and  the  most  ductile 
of  the  metals  used  in  the  arts.  But  the  steels  are  subject  to  the  very 
serious  objection  that  castings  made  of  them  lose  these  distinguishing 
characteristics  of  the  worked  metal.  Poured  into  the  ingot  mohls  or 
made  into  castings,  they  are  found  to  be  porous  and  comparatively  het- 
erogeneous in  texture  and  to  be  weak  and  brittle.  It  has  not  been 
found  possible  to  remove  the  gas  the  occlusion  of  which  produces  these 
effects.  Whitworth  long  ago  adopted  the  very  simple  but  i^rfectly 
effective  expedient  of  subjecting  the  ingot  or  the  casting,  while  still 
molten,  to  the  tremendous  pressure  of  the  hydraulic  press.  Although  a 
simple  expedient,  it  has  required  a considerable  amount  of  experiment 
and  ingenuity  to  produce  this  ‘‘ comi)ressed  steel”  with  uniform  success. 
Success  was,  however,  attained,  and  Whitworth  has  used  the  material 
for  all  of  his  recently -built  ordnance  and  for  apparatus  i*equiring  to  be 
made  of  exceptional  strength.  It  has  now  been  introduced  on  the  Con- 
tinent— in  France  by  Messrs.  Revollier  & Co.,  of  St.  Etienne,  and  iu  Aus- 
tria by  the  Neuberg  works.  The  latter  establishment  exhibited,  at  Vienna, 
samples  of  this  steel  of  unusual  beauty  and  excellence.  The  enterpris- 
ing editors  of  London  Engineering  had  photographs  taken  of  the  speci- 
mens of  compressed  and  of  uncompressed  metal,  from  which  the  engrav- 
ings given  below  were  made,  and  were  reproduced  by  the  Iron  Age,  of 
New  York. 

Fig.  221  shows  the  form  of  press  used  in  their  production.  The 
ingot-mold  is  placed  on  a carriage  mounted  on  rails  leading  from  the 
converters  to  the  press.  When  the  metal  is  poured  from  the  ladle  into 
the  mold,  the  latter  is  rapidly  transported  to  the  press  and  subjected 
to  a pressure  of  from  500  to  700  tons  while  solidifying.  Sir  Joseph 
Whitworth  uses  still  a higher  pressure,  2,500  tons,  and  even  proposes  to 
use  a press  of  a capacity  of  8,000  tons.  With  this  press  the  pressure 
will  bo  15  or  20  tons  per  inch,  and  no  metal  can  probably  be  used  for 
ingot-molds  except  the  Whitworth  metal  itself.  The  molds  are 
strengthened  by  steel  hoops  to  resist  this  pressure.  The  pores  and 
bubble-holes  are  thus  effectually  closed,  and  the  compressed  steel  is 
given  a strength  and  homogeueousuess  unequalled  by  any  other  known 
metal. 

Fig.  222  shows  how  perfectly  the  process  effects  the  object  aimed 
at.  Fig.  223  shows  the  appearance  of  the  fracture  of  an  unpressed  in- 
got. The  essential  precaution  to  be  observ^ed  is  merely  to  get  the  metal 
under  the  press  while  quite  fluid.  This  is  sometimes  found  to  present 
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some  difficulty.  At  Neuberg,  where  Besseuier  metal  is  used,  the  process 
is  stated  to  have  giveu  satisl'action.  Compression  thus  does  for  steel 
castings,  but  even  more  effectually,  what  forging  and  rolling  do  iu 
ordinary  treatment. 


The  inventor  has  stated  to  the  writer  that,  by  careful  selection  and 
treatment  of  metals,  a steel  can  be  produced  capable  of  resisting  a ten- 
sile stress  of  forty-five  tons  per  square  inch  of  section,  and  of  elongat- 
ing 25  per  cent,  before  breaking.  He  furnishes  the  compressed  steel  in 
twelve  grades,  which  he  divides  into  groups,  and  distinguishes  them 
by  color-marks.  The  softest  and  most  ductile  is  marked  “No.  1,  red,” 
and  the  hardest  is  “No.  3,  yellow.” 

The  following  is  the  classification  : 

No.  1,  red,  barrels  for  fowling-pieces,  steam-boilers,  &c. 

No.  2,  red,  rifle-barrels,  gun-carriages,  &c. 

No.  3,  red,  large  guns,  locomotive-cranks,  &c. 

No.  1,  blue,  lathe-mandrels,  shafts,  crank-pins,  &c. 

No.  2.  blue,  hydraulic  presses,  piston-rods,  &c. 

No.  3,  blue,  sword-blades,  &c.- 

No.  1,  brown,  wire,  coach-springs,  hammers,  &c. 

No.  2,  brown,  cold-chisels,  shears,  boring-bars,  smiths’  punches,  large 

taps,  &c. 

No.  3,  brown,  armor-shells,  small  drills,  small  taps,  &c. 

No.  1,  yellow,  screw-tools,  dies  for  stocks,  punches,  &c. 

No.  2,  yellow,  large  drill,  lathe  tools,  cutters,  &c. 

No.  3,  yellow,  extra  hard,  with  least  ductility. 

No.  1,  red,  is  a very  strong,  yet  soft  and  ductile  steel,  which  is  par- 
ticularly well  adapted  for  small-arms.  It  withstands  the  sudden  shock 
of  quick-burning  powder,  and,  as  the  projectile  is  of  lead,  is  not 
scratched,  as  it  would  be  iu  large  ordnance.  Heavy  guns  require  a 
metal  of  great  strength  and  toughness,  but  also  hard  enough  to  resist 
abrasion  by  cast-iron  or  steel  shot  and  shell.  Whitworth  guns  are  made 
of  No.  3,  red.  A harder  quality  (No.  3,  brown)  is  used  for  shells  in- 
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tended  to  be  used  agaiust  armor-plate.  The  ‘‘red  metal”  has  the  advan- 
tage that,  should  the  gun  be  burst,  it  would  siiuply  open  like  soft  cop- 
per, and  would  not  fly  in  pieces  like  cast  irou  or  ordinary  steel. 

The  hardness  is  determined,  as  in  other  steels,  primarily  by  the  pro- 
portion of  carbon.  The  compactness  and  density,  the  soundness  and 
houiogeneousness,  of  this  metal  are  its  great  advantages;  its  hardness 
and  durability  as  compared  with  iron,  the  strength  and  toughness  se- 
cured without  forging,  and  its  power  of  taking  any  desired  form,  with- 
out liability  to  those  dangerous  defects  which  accompany  welding,  are 
advantages  which  are  of  very  great  importance. 

The  Whitworth  Companj^  produces  masses  up  to  four  tons  weight, 
and  it  is  not  too  much  to  expect  that  heavy  ordnance  may  yet  be  made 
by  this  process  in  a single  piece.  The  metal  is  tested  for  ordnance  pur- 
poses in  the  following  manner: 

A hollow  cylinder  is  made  of  the  metal  to  be  tested  ot  7.83  inches  and 
2.56  inches  external  and  internal  diameter,  respectively,  and  20  inches 
in  length.  The  ends  are  closed  by  screw-plugs,  which  enter  just  far 
enough  to  leave  an  intermediate  cavity  of  the  capacity  required  by  the 
cartridge  of  powder  to  be  fired  in  it.  A vent  one-tenth  of  an  inch  in  diame- 
ter is  drilled  through  one  of  these  iflugs.  The  charge  being  fired,  the  cyl- 
inder must  explode,  or  the  gases  must  all  rush  out  through  this  vent. 
A cast-iron  cylinder  was  thus  burst  with  one  charge  of  3 ounces  of 
powder;  another,  having  a wrought-iroo  lining,  bore  the  shock  of  three 
charges  of  5,  6,  and  8 ounces,  respectively,  and  exploded  when  fired 
with  10  ounces;  a third  cylinder,  of  Whitworth  metal,  was  not  even 
cracked  after  thirty-one  trials,  with  charges  of  IJ  pounds  weight  each, 
and  the  enlargement  of  its  interior  diameter  one-fifth  and  its  exterior 
diameter  one-twenty-fifth  of  an  inch. 

The  elegant  expedient  of  testing  his  ordnance  by  this  method,  with 
gradually-increasing  charges,  until  an  increase  of  internal  diameter  is 
detected,  enables  the  maker  to  at  once  test  the  piece  by  an  inexpensive 
series  of  trials,  and  to  determine  the  maximum  safe  service  charge — 
desiderata  hitherto  uuattaiued,  although  of  immense  importance. 

We  have  long  since  reached  a limit  in  the  manufacture  of  ordnance, 
of  hj’draulic  machinery  of  some  kinds,  and,  in  especial  cases,  in 
mechanical  engineering,  beyond  which  we  cannot  go  without  using  a 
new  and  stronger  material. 

The  well-known  fact  that  no  thickness,  however  great,  wdll  enable  a 
cylinder  to  resist  an  internal  pressure  per  square  inch  greater  than  the 
tensile  strength  of  the  metal,  limits  the  life  of  many  kinds  of  construc- 
tions, and  absolutely  forbids  improvement  of  others  except  by  the  use 
of  stronger  material.  The  introduction  of  such  a new  material  is 
therefore  one  of  the  most  important  events  in  the  history  of  engineer- 
ing, and  engineers  look  with  exceptional  interest  upon  all  promising 
attempts  in  this  direction. 

416.  General  remarks  on  metal  for  ordnance  and  purposes  de- 
manding strength  and  resilience. 
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lu  selecting  a material  for  ordnance,  it  is  not  sufficient  that  it  should 
possess  great  strength,  but  it  must  be  resilient ; that  is,  it  must,  ^hile 
offering  great  resistance  to  rupture,  be  capable  of  stretching  consider- 
ably before  breaking.  Our  best  cast  iron,  for  ordnance,  has  a strennh 
of  37,000  pounds  per  square  inch,  and  stretches  usually  less  than  one 
per  cent,  j wrought  iron  of  good  quality  has  a maximum  tenacity  ot‘ 

60.000  pounds,  and  stretches  twenty  per  cent. ; bronze  gun-metal  resists 

40.000  pounds,  and  stretches  five  or  ten  per  cent.j  good  Bessemer  and 
Siemens  steel,  containing  one-third  per  cent,  carbon,  after  having  been 
worked  by  the  rolls  or  under  the  hammer,  usually  have  a tenacity  of 

70.000  pounds  and  a ductility  of  twenty  or  twenty-five  per  cent.;  tool- 
steels  are  much  stronger,  but  only  stretch  about  two  per  cent.  Wbit. 
worth  states  that  his  compressed  steel  castings  have  all  the  strength 
of,  and  greater  ductility  than,  the  worked  steels  of  similar  grade  in 
carbon. 

It  is  evident  that  even  our  remarkable  American  gun-iron,  of  which 
so  much  has  been  said,  is  among  the  very  worst  of  all  these  available  mate- 
rials for  ordnance.  The  fact  that  it  has  been  used  almost  exclusivelv 
in  this  country  is  simply  due  to  the  inability  of  our  manufacturers  to 
supply  guns  of  a stronger  material  without  flaws  due  to  welding  in 
forged  and  to  porositj-  in  cast  metal,  promptly  and  at  a twice  which  our 
Government  would  paj^  Wrought  iron  is  much  stronger,  but  its  working 
into  shape  involves  the  formation  of  numerous  welds,  and  consequently 
of  points  of  weakness  difficult  of  detection  and  liable  at  any  time  to 
produce  disaster. 

Low  steels  made  by  puddling  or  by  the  crucible,  the  Bessemer  or 
the  Siemens  process,  is  a far  better  material,  and  the  quality  known  as 
^‘homogeneous  metal”  is  at  once  strong  and  tough;  it  can  be  melted 
and  cast,  or  it  may  be  forged.  It  is  this  metal  which  is  made  by  Firth 
& Son  for  the  inner  tubes  of  Woolwich  ordnance,  and  by'  Krupp  for  all 
parts  of  his  ordnance.  The  castings  must  alway'S,  however,  be  forged 
sufficiently  to  close  up  all  pores,  or  they  will  prove  faulty  and  weak. 
The  manufacture  of  large  ordnance  is,  thea’efore,  expensis'e,  and  requires 
great  experience  and  skill. 

The  theoretical  energy  of  gunpowder  of  fair  quality  is  250,000  to 

300.000  foot-pounds  i)er  pound  ; its  actual  energy,  as  developed  in  ord- 
nance practice,  is  from  150,000  to  200,000  foot-pounds.  The  initial  ve. 
locity  of  the  projectile,  in  heavy  ordnance,  may' be  taken  as  approxi- 
mately 


in  which  formula  V is  the  velocity  in  feet  per  second,  E is  the  actual 
energy  per  pound  of  powder  as  determined  by  experiment,  w is  the 
weight  of  powder,  W is  the  weight  of  projectile. 

Cast-iron  shot  on  striking  armor-plate  usually  flies  to  pieces,  and  thus 
wastes  about  one-half  the  energy  which  it  should  expend  in  perforation ; 
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wroiigbt-iron  or  soft  steel  is  deformerl  by  compression,  and  thus  loses 
probably  one-fifth  its  vis  viva  ; hardened  steel  usually  expends  nearly 
all  its  energy  usefully  in  penetration,  but  loses  a little  in  elevation  of  its 
own  temperature  on  impact  j where  the  latter  splits  longitudinally,  as  it 
sometimes  does,  it  loses,  perhaps,  a tenth.  To  secure  the  best  result, 
it  is  usually  advisable  that  the  shot  should  have  a diameter  nearlv  e(]ual 
to  the  thickness  of  the  armor-plate  attacked;  it  may  sometimes  i)rove 
etfcctive  when  but  one-half  that  diameter.  Such  slender  shot  demands 
the  best  of  material.  When  steel  is  used,  the  writer  has  found  the  weight 
of  charge,  C,  required  for  penetration  to  be  about 

c='l 

10 

or,  the  thickness  t penetrable  by  a shot  of  correct  proportions,  <lriven 
by  a given  charge,  C,  is 

t=  ^“TtTo 

Cast-iron  shot  require  the  use  of  a double  charge.  British  practice 
seems  to  indicate  that  where  wrought  irou  is  used  for  armor-plate,  a te- 
nacity of  50,000  pounds,  a ductility  of  20  per  cent., a resistance  to  com- 
pression such  that  about  200,000  pounds  per  square  inch  of  section  will 
reduce  small  cubic  specimens  to  one-half  their  original  height,  gives  the 
best  practical  result  yet  attained,  when  backed  with  four  times  its  own 
thickness  of  teak.  With  such  plate,  and  flat-headed  steel  shot,  if  P is 
the  pressure  required  to  penetrate  plate,  IJ  the  \vork  of  the  i^owder  in 
foot-pounds,  ^ the  thickness  of  plate,  and  r the  radius  of  the  shut  in 
iuches, 

P=:255360  rf 

and  for  steel, 

U = 24400 

and  for  cast  iron, 

U=10(j40  rf. 

A Woolwich  9-iuch  gun,  of  the  Frazer- Armstrong  pattern,  penetrates 
40  feet  of  earth,  or  12  feet  of  brick  or  concrete,  8 feet  of  rubble  masonry, 
2 feet  of  granite,  or  11  iuches  of  irou  with  a charge  of  43  pounds  H.  L. 
G.  powder  and  a projectile  weighing  270  pounds.  The  GOO-pounder 
Woolwich  gun  with  70  powder,  has  driven  a GOO-pound  shot  through 
three  5-iiich  plates*,  and  has  broken  out  the  rear  of  a target  composed 
of  four  5-inch  plates,  penetrating  the  first  three  plates.  The  same  gun 
has  broken  two  solid  15  Inch  plates,  one  of  which  was  rolled  and  the 
other  hammered.  At  these  experiments  two  5-inch  plates  were  found 
to  bo  as  strong  as  one  10-inch,  and  three  5-inch  were  stronger  than  one 
15-inch  plate.  The  difficulty  of  securing  perfect  soundness  in  the  thicker 
plate  more  than  compensates  the  defect  of  rigidity  in  the  thinner.  The 
Whitworth  9-inch,  as  has  been  seen,  has  done  better  work  than  the 
Woolwicli  ordnance.  Our  largest  American  ordnance  of  cast-iron  can- 
not show  such  records  as  these. 


*Shoeburyue88,  June,  1868. 
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These  experimental  investigations  and  theoretical  deductions,  of 
national  importance  as  they  are,  are  of  hardly  less  interest  and  impor- 
tance in  their  bearing  upon  the  arts  of  peace.  For  many  applications 
in  mechanical  engineering,  a material  which  is  of  value  as  a gun-metal 
is  also  essentially  important,  and  the  engineer  in  general  practice 
watches  the  progress  of  improvement  in  ordnance  with  scarcely  less  in- 
terest than  the  engineer  whose  special  work  is  the  manufacture  aiul  use 
of  ordnance.  Both,  also,  are  equally  interested  in  attempts  to  introduce 
materials  like  cold-rolled  iron,  the  sofi  er  steels,  cold-rolled  or  “ steel- 
bronze,”  phosphor-bronze  and  (impressed  steel,  which  give  promise  of 
aiding  them  in  their  efforts  to  produce  machinery  and  structures  more 
perfectly  combining  strength  with  lightness,  or  guns  which  are  strong, 
reliable,  and  efficient.  In  all  directions  the  progress  of  improvement  is 
checked  by  the  attainment  of  a limit  set  either  by  the  weakness  of  the 
materials  of  construction  or,  oftener,  by  their  deficiency  in  resilience. 

The  improvement  effected  by  the  processes  just  referred  to  would 
seem  to  be  largely  due  to  the  production  of  that  porosity  which  is  the 
invariable  characteristic  of  cast  metals  as  ordinarily  produced. 

The  experiments  of  the  writer  and  the  results  of  many  tests  of  com- 
mercial materials  in  the  Mechanical  Laboratory  of  the  Stevens  Insti- 
tute of  Technology  indicate  that  even  with  the  best  of  ordnance  bronze^ 
as  well  as  with  the  steels,  defects  of  structure  occur  which  must  detract 
greatly  from  their  value.  It  would  seem  probable  that  solidification  uuder 
compression  and  other  methods  of  securing  density  and  homogeneous- 
ness may  prove  useful  in  many  cases  not  yet  thus  treated. 

417.  Sheffield. — The  great  steel  and  tool  manufacturing  establish- 
ments of  Sheffield  have  long  held  a leading  position,  and  one  or  two 
are  probably  ahead  of  their  respective  departments  of  business  in  Great 
Britain  and  the  world.  The  United  States,  with  large  and  more  acces- 
sible deposits  of  rich  ores,  with  ample  capital,  and  the  most  skilful  work- 
men to  be  obtained  either  at  home  or  by  importation,  is  gradually  be- 
coming perfectly  independent  of  Great  Britain  in  both  the  manufacture 
of  steel  and  the  making  of  steel  instruments  and  tools.  Our  Besseme 
and  Siemens  steels  are  fully  equal  to  any  produced  abroad.  A number 
of  our  manufacturers  produce  tool-steels  which  are  as  strong  and  tough, 
harden  as  uniformly,  and  take  as  fine  atemper  as  the  best  English  metal, 
and  the  axes  and  some  other  descriptions  of  tools  made  in  the  United 
States  are  driving  out  English-made  tools  wherever  competition  occurs 
between  them.*  In  many  cases,  where  a special  quality  must  be  uui- 

^English  edge-tool  makers  are  fully  aware  of  the  success  with  which  certain  of  their 
business  rivals  in  America  have  supplanted  them  in  many  of  our  home  and  foreigu 
market ■>.  So  large,  however,  is  the  demand  at  present  for  good  edge-tools  of  almost 
every  description  that  there  are  few  edge-tool  firms  in  the  United  Kingdom  who  have 
not  plenty  of  orders  upon  their  books.  The  English  article  is  not,  therefore,  out  of 
use,  but  there  is  a perceptible  increase  in  the  favor  in  which  handy  and  thoroughly 
excellent  tools  are  held,  both  at  home  and  abroad  j and  this  is  being  encouraged  hy 
the  growing  facilities  for  manipulating  steel,  both  shear  and  cast.  Sensible  of  tbiSi 
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fonnly  worked  and  a precise  temper  is  invariably’  demanded,  the  maker 
who  has  been  brought  up  to  the  use  ol*  a certain  make  of  steel,  and  with 
all  his  employes  is  thoroughly  accustomed  to  its  use,  cannot  safely 
give  it  up  and  attempt  to  substitute  another  steel  with  which  he  is  less 
familiar,  even  though  it  be  intrinsically  better  metal.  This  fact  and 
the  prejudice  in  favor  of  reputable  makes  of  foreign  steel  retain  an 
American  market  for  English  steels  which  would  otherwise  have  been 
lost  long  since. 

There  remain,  however,  some  Sheffield  products  which  are  not  paral- 
leled by  anything  in  the  United  States,  and  we  visited  a few  establish- 
ments partly  to  ascertain  the  character  of  their  plans  and  of  the  meth- 
ods which  had  yielded  such  excellent  products  as  were  exhibited  at 
Yieuna,  and  partly  to  see  what  might  be  found  that  was  still  novel. 

Messrs.  Thomas  Firth  & Sons  are  the  manufficturers  of  all  the  steel 
used  tor  the  inner  tube  of  the  Woolwich  ordnance,  and  immense  (pianti- 
ties  are  supplied  for  other  uses.  The  metal  is  a soft  steel,  containing 
less  than  one-half  per  cent,  carbon,  and  is  made  iu  crucibles.  There 
seems  no  i)eculiarity  iu  either  material  or  method,  and  the  secret  of  suc- 
cess would  seem  to  be  that  the  Messrs.  Firth,  by  long  experience  iu  the 
selecting  and  working  of  their  materials,  can  produce  a steel  very  low  in 
carbon  of  very  uniform  quality,  and  at  moderate  prices.  Steel  tested 
for  the  Midvale  Steel  Works  and  for  Messrs.  Miller,  Barr  & Parkin,  by 
the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology  is  of 
equally  good  quality,  and  the  metal  can  be  imoduced  quite  as  well  in  the 
United  States  as  in  Great  Britain.  The  Messrs.  Firth  have  made  large 
numbers  of  Enfield  rifles  and  other  arms  for  the  government  and  for 
private  contractors,  and  u.se  the  same  metal  iu  these  small-arms.  For 
heavy  forgings,  as  for  the  tubes  of  heavy  ordnance,  a steam-hammer  is 
used  with  a drop  weighing  25  tons.  The  foundation  on  which  the  anvil 
block  is  carried  is  a single  immense  casting  weighing  175  tons. 

A (ionsiderable  number  of  people  are  employed  making  files.  The 
method  has  no  novelty,  and  the  excellent  reputation  of  the  Firth  files, 


certain  American  firms  are  pushing  their  op portnnity,  and  American  forks,  shovels 
and  axes  are  to  be  had  wherever  edge-tools  are  offered  in  this  country.  It  would  seem 
that  the  Americans  believe  they  can  compete  with  us  much  more  successfully  by  hav- 
ing brancli  establishments  to  manufacture  their  specialties  iu  this  country  rather  than 
by  shipping  their  produce  from  the  other  side.  A firm  of  cjist-steel  shovel  makers  at 
Pittsburgh,  CMessrs.  Hussey,  Binus  & Co.,)  who  have  recently  brought  out  a shovel  iu 
which  the  straps,  though  of  iron,  are  compacted  with  the  steel  during  the  ]>rocess  of 
casting,  and  who  are  making,  at  a very  low  figure,  and  with  very  little  manual  labor> 
shovels  that  are  getting  very  rapidly  into  use  throughout  the  States,  are  now,  through 
a representative  who  has  recently  come  over  from  Pittsburgh  to  England,  making 
inquiries  which  will  regulate  their  action  and  determine  them  whether  they  will  them- 
selves begin  to  make  iu  this  country,  or  whether  they  will  offer  their  process  to  Eug. 
lish  firms  or  to  an  English  company.  If  Americau  edge-tool  makers  should  begiu  to 
produce  here  goods  that  are  already  runuiug  English  makers  hard,  then  it  is  to  be 
inferred  that  their  example  will  be  followed  by  other  transatlantic  hardware  manufact- 
urers. Whether  in  such  an  event  the  English  firms  would  remain  as  well  emphjyed 
as  they  now  are  remains  to  be  seen. — London  Times's  Wolverhampton  Correspondence. 
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like  that  of  their  guu-steel,  is  due  to  coiiscieutious  attention  to  detail 
and  to  selection  of  materials.  The  number  of  workmen  employed  here 
varies  from  1,000  to  1,500. 

After  a luncheon  with  the  gentlemen  of  the  firm  whose  hospitality  and 
courtesy  we  are  bound  to  acknowledge,  we  visited  the  great  rolling, 
mills  of  their  neighbors. 

Sir  John  Brown  &Oo.  have  one  of  the  largest  establishments  in  Shef- 
field, or  in  Great  Britain.  They  employ  about  0,000  men,  and  produce  from 
2,500  to  3,000  tons  of  finished  material  every  week.  This  product  is  prin- 
cipally steel,  in  the  form  of  rails  and  tires.  This  firm  and  Messrs.  Cam- 
MELL  & Co.,  who  have  also  an  immense  establishment  close  at  hand, 
have  heavy  armor-plate  mills,  in  which  nearly  all  of  the  armor  of  the 
British  fleet  has  been  rolled.  The  first  of  these  plates  which  were  but 
4 inches  thick,  were  rolled  at  the  Park  Gate  Iron-Works,  in  the  West 
Riding  of  Yorkshire.  The  next  heavier  plates  were  4^  inches  thick,  of 
hammered  iron,  and  were  made  by  the  Thames  Iron-Works.  Messrs. 
John  Brown  & Co.  now  have  the  heaviest  rolls  in  the  kingdom,  and  at 
our  visit  they  were  put  in  operation,  ard  we  were  able  to  seethe  process 
of  rolling.  The  rolls  were  reversed  at  each  pass  by  the  use  of  a heavy 
clutch.  The  heavyj  plates  are  built  up  of  thinner  plates,  which  are  rolled 
separately.  The  rolls  are  about  32  inches  in  diameter  and  8 feet  long. 
There  are  two  sets,  the  second  of  which  has  rolls  30  inches  in  diameter. 

A considerable  amount  of  Bessemer  and  large  quantities  of  crucible 
steel  are  made  here.  The  crucibles  used  are  made  at  the  works.  Rail- 
road-car springs  are  made  in  great  numbers  and  of  exceptionally  flue 
quality.  Neither  here  nor  elsewhere  in  Slieffield  did  we  perceive  any 
radical  departure  from  ordinary  methods.  The  reputation  of  Sheffield 
manufacturers  and  the  excellence  of  their  exhibits  at  Vienna  seems  to 
be  due  simply  to  care  and  skill  in  selecting  materials,  care  and  skill  in 
working  them,  and  care  and  skill  in  inspection  and  preparation  of  the 
products  for  the  market,  and  a conscientious  adherence  to  the  schedule 
of  qualities  placed  in  the  hands  of  their  customers.  A spirit  of  emula- 
tion is  encouraged  in  the  workmen,  and  in  some  of  these  establishments 
the  w^orkmen  are  as  much  interested  in  the  preservation  of  a reputation 
for  good  work  as  are  their  employers. 

418.  South  WAles. — In  South  Wales,  although  there  is  less  to  in- 
terest or  instruct  the  visitor  than  in  some  of  the  manufacturing  districts 
already  referred  to,  there  is  still  something  to  be  seen. 

Near  Merthyr  Tydvil  are  the  great  Dowlais  Iron-Works,  founded  by 
Sir  John  Guest,  and  now  employing  in  its  mines  and  its  mills  about 
12,000  people,  and  producing  annually  about  30,000  tons  of  steel  rails 
and  large  quantities  of  iron.  The  management  of  these  mills  has  ex- 
hibited an  exceptionally  enterprising  spirit,  and  a promising  novelty, 
whether  of  mechanism  or  method,  is  seldom  refused  a trial  here  by  Mr. 
Menelaus,  the  manager.  The  steel  made  here  is  principally  produced 
by  the  Bessemer  process.  The  mills  lately  put  down  are  reversing  mills 
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fitted  with  well-designed  Ramsbottom  reversing  engines.  The  labora- 
tory of  the  Dowlais  Works  is  one  of  the  most  complete  in  Great  Britain, 
and  it  has  not  only  done  good  routine  work,  but  the  accomplished 
chemist,  Mr.  Snelus,  has  i^roduced  some  really  scientific  work. 

The  ores  worked  for  the  Bessemer  process  are  lean  native  ores,  con- 
taining about  45  per  cent,  oxide  mixed  with  a large  dose  of  either  rich 
Cumberland  or  the  excellent  Bilbao  ores,  which,  until  the  occurrence  of 
political  troubles  in  Spain,  seemed  likely  to  compete  with  the  former  with 
some  success.  For  common  irons,  the  native  ores,  which  contain  a con- 
siderable amount  of  phosphorus,  are  principally  used.  Welsh  rails  are 
therefore  not  perfectly  safe  in  very  cold  climates.  The  following  analyses 
represent  the  constitution  of  good  Welsh  ores  and  iron  : 


Ore  of  South  Wales  : 

Protoxide  of  iron 40.  30 

Protoxide  of  manganese. . 1.  03 

Alumina  T43 

Lime - f • ^4 

Magnesia 2.77 

Carbonic  acid 28. 33 

Phosphoric  acid - • 0.  88 

Sulphuric  acid Trace. 

Bisulphate  of  iron 0.  09 

Water 0.  78 

Organic  matter 0.29 

Insoluble  residium 22. 48 

Cast  iron  of  South  Wales  : 

Carbon - 2,  95 

Silica !•  96 

Sulphur - 0. 28 

Phosphorus 0.  68 

Manganese 0.  23 

Nickel  and  cobalt 0.  04 


419.  The  Siemens  Steel  Process. — A few  miles  from  Swansea, 
the  seat  of  the  copper-smelting  industry  of  South  Wales,  is  the  little 
village  of  Landore,  where  the  now  well-known  Siemens  process  of  steel- 
making was  perfected. 

The  process  has  often  been  described,  and  its  peculiarities  and  advan- 
tages have  already  been  stated  incidentally  in  preceding  portions  of 
this  report.  There  is,  therefore,  but  little  that  need  find  a place  here. 
At  Landore  it  has  become  a commercial  success.  It  was  introduced  into 
continental  establishments  previous  to  the  date  of  the  Paris  Exposition 
of  1867,  and  was  imported  into  the  United  States  by  IVIessrs.  Ccoper, 
Hewitt  & Co.  The  able  report  of  Mr.  Abram  Hewitt,  which  is  em- 
bodied in  the  reports  of  the  United  States  Commissioners  to  the  Paris 
Exposition,  contains  nearly  all  information  relating  to  it  which  would 
29  MA 
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be  valuable  to  either  the  engineer  or  the  metallurgist.  It  is  still 
worked  at  Landore  with  perfect  success,  and  the  visitor  finds  there 
specimens  as  fine  in  quality  as  any  exhibited  at  Yienna.  The  modified 
process,  called  by  Mr.  Siemens  the  ore  process,  in  which  ore  is  used  in 
large  doses  as  a decarbonizer,  is  still  passing  through  its  experimental 
stages,  and,  as  the  distinguished  metallurgist  who  has  so  long  and  per- 
sistently labored  upon  the  problem  believes,  with  promises  of  ultimate 
success.  There  are  serious  difficulties  to  be  overcome  in  the  attempt  to 
reduce  the  ores  and  to  make  steel  on  the  hearth.  The  most  serious  is 
that  of  finding  a material  of  which  to  make  the  bed  not  liable  to  be 
fluxed  by  the  ore  and  to  cut  through  so  rapidly  as  to  make  the  delay 
and  expense  incident  to  its  repair  a serious  addition  to  the  account  of 
costs.  The  subject  is  one  of  importance  to  the  metallurgist  and  of  great 
interest  to  the  engineer. 

The  regular  Siemens  process,  as  carried  out  at  Landore,  is  similar  to 
that  already  described.  Pig-metal  is  melted  on  the  hearth  of  the  regene- 
rative furnace,  under  a decarbonizing  flame,  and  is  completely  decarbon- 
ized by  the  oxidizing  flame,  and  by  the  addition  of  wrought  scraps, 
which  assist  as  a diluent.  It  is  supposed  that  the  carbon  is  also  partly 
removed  by  the  peculiar  jihenomenon  of  “ dissociation,”  which  is  known 
to  occur  in  other  cases  in  which  compounds  which  are  stable  at  ordinary 
temperatures,  are  exposed  to  intense  heat.  When  the  charge  is  thor- 
thoroughly  decorbonized,  it  is  retained  under  a neutral  flame  until — the 
desired  degree  of  recarburation  being  given  by  addition  of  spiegeleisen— 
it  is  found,  by  the  examination  of  small  test  ingots,  to  be  of  the  right 
quality,  when  it  is  tapped  off  and  treated  as  in  Bessemer  steel  manu- 
facture. The  economical  value  of  the  process  will  be  determined  to  a 
great  degree  by  the  value  of  scrap-metal.  In  some  states  of  the  market 
it  is  probably  more  profitable  than  the  Bessemer  process.  Skill  and  care 
are  required  for  its  successful  working;  but  skill  and  care  can  produce 
a finer  and  more  uniform  quality  of  product  in  this  than  in  the  other 
process.  For  the  manufacture  of  ‘‘steels,”  or  more  properly  irons,  con- 
taining less  than  0.3  or  0.4  per  cent,  carbon,  this  is  probably  the  only 
satisfactory  and  reliable  method  of  production.  It  allows  of  the  use  of 
light  grades  of  cast  iron;  it  permits  the  addition  of  any  “medicine”  re- 
quired to  eliminate  deleterious  elements;  it  permits  the  thorough  and 
deliberate  examination  of  the  product  and  its  modification  to  suit 
requirements  before  it  is  tapped  off;  it  requires  comparatively  inexpens- 
ive plant,  can  be  carried  on  in  small  establishments,  and  can  be  adopted 
in  any  locality,  experimentallj^,  without  very  great  expense  or  risk. 
Now  that  manufacturers  of  machinery  are  beginning  to  see  that  for  many 
purposes  the  soft,  ductile,  but  strong  and  homogeneous  metal,  produced 
by  this  process,  is  of  peculiar  value,  for  much  of  their  work,  it  is  to  be 
expected  that  its  adoption  will  rapidly  take  place. 

420.  J.  Penn  & Sons. — While  in  London  the  opportunity  was  taken 
to  visit  the  establishment  of  Messrs.  John  Penn  & Sons,  at  Greenwich. 
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This  is  one  of  the  oldest  in  Great  Britain  and  in  Europe.  The  engine-fac- 
tory is  at  Greenwich  and  the  boiler-works  at  Deptford,  a neighboring 
village.  The  works  are  large,  and  are  well  provided  with  tools.  The 
buildings  are  irregularly  distributed  over  some  ten  acres  of  ground. 
Those  recently  erected  are  well  built,  large,  well  lighted  and  ventilated, 
and  provided  with  all  the  modern  tools  and  conveniences.  The  machine- 
shops  are  in  both  old  and  new  structures,  the  latter  of  which  are  well 
arranged,  and  contain  the  erecting  shops  with  their  powerful  traveling 
cranes.  These  buildings  are  250  feet  long  aud  200  feet  wide.  The  roof 
is  carried  over  in  four  spans,  aud  provided  with  windows,  through  which 
the  shops  are  principally  lighted.  Each  section  is  provided  with  a travel- 
ing crane.  There  are  many  fine  tools  here,  and  among  them  some  of 
original  design  and  exceptional  efficiency.  Among  the  latter  is  a verti- 
cal planer,  in  which  the  cross-head  traverses  and  the  work  remains  sta- 
tionary. In  these  shops  were  several  small  driving-engines  which  at- 
tracted attention  by  their 'resemblance  in  design  to  what  America'n 
engineers  are  accustomed  to  call  the  Oliver  Evans  engine — an  engine 
which  was  used  in  the  United  States  in  1784 — aud  by  the  fact  that  they 
were  not  provided  with  such  an  expansion  apparatus  as  is,  by  us,  con- 
sidered essential.  In  the  fouudery  we  found  some  of  the  smoothest  aud 
soundest  castings  which  we  had  seen  in  Europe,  quite  equal  to  the 
beautiful  cylinder  casting  exhibited  at  Vienna  by  the  Creusot  Company. 
Carefully  selected  iron  and  molding  sand,  skillful  workmanship,  and  good 
judgment  in  parting  and  gating  the  molds  give  sound  castings,  and  care 
in  venting  and  in  washing  and  blackening  gives  this  remarkable  smooth- 
ness. 

We  found  in  the  erecting  shops  several  very  large  engines,  among 
which  were  two  pairs  of  marine-engines  of  1,150  and  1,200  “nominal” 
horse  power,  equal  to  about  6,500  and  7,000  indicated  horse  power,  re- 
spectively. These  were  trunk-engines,  a form  which  has  been  built  suc- 
cessfully by  Penn  & Sons,  but  by  no  other  firm,  for  many  years.  For 
merchant  steamers  they  were  building  the  Xapier  style  of  compound 
engines.  There  is  less  steel  used  here  in  construction  than  in  other 
establishments  which  have  already  been  described ; but  this  firm  are 
unusually  conservative,  and  rarely  risk  either  capital  or  reputation  on 
experiment  or  novelties.  They  have  been  among  the  very  last  to  adopt 
the  compound  engine.  They  have  no  large  hammers,  and  obtain  their 
heaviest  forgings  from  Liver})ool  aud  Glasgow. 

Messrs.  Penn  & Sons  are  also  building  some  oscillating  engines,  a type 
to  which  they  have  adhered,  in  building  paddle-engines,  for  many  years, 
and  with  great  success.  Their  success,  both  with  this  aud  with  the  trunk - 
engines,  is  attributed  by  many  engineers  not  to  the  merits  of  these 
peculiar  types  of  engines,  but  to  the  excellence  of  proportion  and  the 
superiority  of  workmanship  which  has  always  distinguished  the 
machinery  built  by  this  firm.  Neither  of  these  kinds  of  marine-engines 
is  generally  approved  by  engineers. 
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lu  going  down  the  Thames,  en  route  to  Greenwich,  we  saw  very  little 
ship-building  going  on  in  yards  which  a few  years  ago  were  crowded 
with  work.  Samuda’s  yard  contained  several  vessels,  and  at  a few 

other  places  a ship  was  now  and  then  seen  hauled  up  for  repairs.  Iron- 

« 

ship-building  will  probably  never  again  flourish  on  the  Thames.  The 
river  itself  needs  a Clyde  Trust  to  preserve  its  depth  of  channel  and 
to  keep  its  banks  in  proper  shape. 
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